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The following Treatise on the 
Combustion of Coal is the result of experiments un- 
dertaken with the view of advancing the general 
interests of your establishment, by removing the un- 
certainties, correcting the errors, and inducing a 
greater economy, in the important department of the 
Steam-vessel which relates to the use of Fuel. Should 
it be productive of any advantage to the City of 
Dublin Steam-packet Company, my satisfaction will 
be complete. 
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I have taken the liberty of addressing this 
Treatise to you, Gentlemen, as a tribute of respect, 
and an acknowledgment of the obligations I feel 
for the confidence you have so long reposed in my 
zeal and exertions in your service* 

I have the honour to be, 

Gentlemen, 

Your faithful and obedient Servant, 



C. ¥. WILLIAMS. 



liTerpool, September lOth, 1840. 
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Having dFowu attention to the important subject of 
improving our Furnaces, and the necessity for a cloBer 
observation of those chemical conditions on which Combus- 
tion is effected, I should, probably, have left the further 
prosecution of the subject to other and abler hands. The 
following document will, I trust, justify me in again bring- 
ing the subject before the public in a new edition : 

" Extract from the Minutes of tlio Proceedings of the Proprietors 
of the City of Dublin Steam-packet Company, at the Half-yearly Meet- 
ing held in Dublin on the 31st of October, 1S40. 

" Resolved,— That this Meeting cannot separate without offering to 
Mr. Williams their elacere thanks for his valuable work on the Com- 
bnstion of Coal ; ajid that it be recomm.endcd to the Directors to request 
him to superintend the publication of a new edition, at the Company's 
expense, with the view to its distributioD among the Proprietors. 

(Signed) " JAMES FERRIER, Chairman. 

" P. nowEll, Secretary." 
For this distinguished mark of approbation, I avail 
myself of the present opportunity of expressing my a«know- 
lodgments ; and, for the satisfaction of those who have, in so 
flattering a manner, added their patronage to this treatise, 
1 have anne.ved to it the opinions of the following Chemical 
Professors, whose authority will nut be questioned on this 
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subject : viz., Professor Brande, of the Royal Institution, 
London ; Dr. Ure ; Dr. Brett, Royal Institution, Liverpool ; 
and Dr. Kane, Royal Dublin Society. 

I have carefully revised the work, and have added 
some illustrations of the mode by which the principles I 
have dwelt on may be carried into practice. 

The diagrams, by which I have endeavoured to illus- 
trate the details of my subject, as regards those definite 
proportions in which the elements of the several bodies 
combine, having met the approbation of many chemical 
authorities of the highest standing, I have endeavoured to 
improve them, and now present them in, at least, a novel 
point of view, by being lithographed in colours. The value 
of this system of colouring will be apparent from the facility 
with which it enables us to appreciate the efiect of the 
relative proportions of each constituent, when considering 
the union of bodies in masses. 

This mode of appealing to the eye, in aid of the 
memory, will be found the more useful when wo consider 
the importance, and even necessity, of attending to the 
volwme^ as well as weighty of the several bodies with which 
we have to deal in the process of combustion. 

As I lay no claim to chemical authority, and am neither 
a professed chemist nor a mechanical engineer, but rank 
merely as a practical observer, I trust this treatise will be 
received in the spirit in which it has been undertaken, 
namely, as an efibrt to induce mechanical engineers, and 
those who are interested in the use of fuel in the several 
departments of the arts and manufactures, to refer more to 
the chemical conditions on which alone combustion can be 
effected, and the direction in which they should seek for the 
true principles on which their furnaces may be improved. 

Liverpool, March 1, 1841. 



PREFACE. 



It may be askeJ, wliy I aliould have undertaken to write 
a treatise on a branch of chemistry ; or why aujiposo I could 
Bay any thing on the aubjoct of combustion which had not 
already been better said by many competent chemical 
professors. 

The reply to the latter question must be sought in the 
following pages. My reply to the former ia a short 
statement of facts, which, I trust, will exonerate me from 
presumption, on the one hand, or any uncalled for 
iiiterference, on the other. 

Being much interested in the improvement of steam-vea- 
sels, from my connexion with several steam navigation com- 
panies, and having had a longer and more extended experi- 
ence in the details of their building and equipping than, 
perhaps, any individual director of a steam company in the 
kingdom, my attention has been uninterruptedly given to 
the subject since the year 1823, when I first established a 
steam company, and uudertook to have tho first steam-vessel 
constructed capable of maintaining a commercial intercourHQ 
across the Irish Channel, during the wijiter months, and 
which, till then, had been considered impracticable. 

Since that time to the present, my object has been the 
imparting, through the instrumentality of the moat experi- 



enced ship-builders and steam-engine maniifaeturerB, the 
greatest praetiuable degree of lierfectioii and efficiency to 
every part of the hulls and machinery of steam -vessels. 

With respect to the improved state to which the hulls of 
steam-vessela have been brought, I refer to the papers and 
detailed specification for the building of the last of those 
belonging to the City of Dublin Steam Company, as furnished 
by myself and Mr. J, 0. Shaw, the Marine Manager of that 
Company, to the Commissioners of Steam-vosaels Inquiry, 
Josiah Parkes, Esq., Civil-engineer, and Captain Pringle, 
and printed in the Appendix to their E«port. 

For a practical illustration of the |)erfection to which both 
huUs and macMneiy have been brought, I refer to the steam- 
ship " Oriental," one of those now under contract with her 
Majesty's Government for conveying the East India Mails 
between Great Britain and Alexandria.* 

Tho result of this long experience is the finding, that, not- 
withstanding the improved state to which the consti'uction 
and appointments of the hull and general machinery of 
steam-vessela have arrived, great uncertainty and risk of 
failure still prevail in the department of the boiler, as regards 
the uae of fuel and the generation of steam. 

Much, certainly, has been done towards imparting 
strength to the boiler and lessening the risk of explosion. 
The moat experienced engineers are, however, still unable 
to decide, preoiousli/ to trial, either as to the quantity of fuel 
that will be consumed or of steam to be generated. 

It is true, the engineer, who undertakes the construction 
of the engines, also undertakes that the boilci-a shall provide 
a sufficiency of ateam to work them ; but what that **y^ 
ciencf/ means, has not been decided ; and, in too many in- 
stances, tho absence of some fixed data on the subject leads 
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to complaints and references, which, though they may 
end the disputes between the owners and makers of the 
engines, leave the evils of a deficiency of steam or a great 
expenditure of fuel unabated. 

If there happen to be " steam enough,'" the engineer's 
triumph is complete ; although it is seldom that an account 
is taken of the quantity of fuel consumed, or whether it be 
attended with economy or waste. If with economy, the 
merit of the engineer is enhanced ; but, if with waste, the 
sufferers, having no redress, keep their grievances to them- 
selves, and the leger account of fuel consumed is the only 
index to the cause of that absence of profit which is too 
often the usual result. 

So long as this uncertainty prevailed, and the consequences 
of failure were so serious, steam-ship owners were naturally 
cautious in interfering ; although it was manifest, from the 
constant changes in the proportions and other details in the 
construction of their boilers, that the engineers theniselves 
were without any fixed principles to guide them. So long 
as the operations of steam-vessels were confined to coasting 
or short voyages, the consequences of these defects in hoilcra, 
as regards the quantity of fuel, was a mere question of pounds, 
shillings, and pence. When, however, those operations 
came to be extended to long-sea voyages, these consequences 
took a more comprehensive range, and involved the more 
important question, whether such voyages were pmoticaile 
or otherwise. 

Under the conviction of the danger of taking responsibility 
from the engineer, although alive to the prevailing uncer- 
tainty and risk, I felt, in comtnon with other directors of 
steam companies, an unwillingness to interfere. From 
being so deeply interested in the improvement of this de- 
partment of steam navigation, I have watched, with no 
small anxiety, the efforts of the engineers to arrive at some 



degree of certainty in what was admitted, on all hands, to 
be the moat eerioua drawback to the successful application 
of steam -vBsaels to long-sea voyages. 1 perceived the absence 
of any intelligible or well-founded principle in the con- 
struction of the boiler ; — that the part on which most de- 
pended appeared least understood, and least attended to. 
namely, the/wnace; and that this was too often left to the 
skill (or want of it) of working boiler-makers or bricklayers.* 
I saw that, although the great operations of combustion 
carried on in the furnace, with all that belongs to the intro- 
duction and employment of atmospheric air, were among 
the most difficult procesaea within the range of chemistry, 
the absence of sound scientific principles atill continued to 
prevail ; yet on these must depend the extent or perfection 
of the combustion in our furnaces. 

Years were atill passing away, and, while every other 
department was fast approaching to perfection, all that be- 
longed to the combustion of fuel— the production of smoke — 
and the wear and tear of the furnace part of the boiler, re- 
mained in the same status quo of uncertainty and insufficiency ; 
and, although the recourse to new plana and new smoke- 
burning expedients continued, and every year brought forth 
a new batch of infallible romediea for " consuming smoke 
and economizing fuel," success and certainty seemed as 
unattainable as ever, notwithstanding the abundance (rf 
labourers in the field of speculation and invention. 

In fact, things seemed almost retrograding into greater 
doubt and want of system, rather than advancing to perfec- 
tion, or even keeping pace with the improvements of the 

» In a liil« trqatiae on '• Steam Boilers." bj Robert ArmstronH. of Manehoalcr. 
tills aathuTBctanJirapesliB or chemlKti; and ita connesiun with tJie sutiiect of tbe 
cotnbostloii of fuel wltli the degree of oontempt which, to scythe least, is dlacre- 
ditable to this age of madunles' Inetltutiona ; and eiiesu preference, with no small 
degree of triamph uid self-complacenor. to the working briokUyer, isther than to 
thu " Ihi.orieii" of DaTy or DoJlnn ! 



Ii hulk and engines ; andmany of the furnaces, both o 

and land boilers, constructed within the last few years, with 
the absence of any arrangement for effecting a perfect or 
economical use of fuel, exhibit greater violations of chemical 
truths, and a greater departure from the principles on which 
nature proceeds, than any preceding ones wliich have come 
under my observation. 

With respect to the all-important considerations, the 
quantity of fuel required, or the most judicious mode of 
effecting its combustion, the problem, — whether the boiler 
(for the furnace is never spoken of apart from the boiler) 
would generate more or less steam ; produce more or less 
smoke ; or consume more or leas fuel, — still remained to 
be decided by the argwmentum ad rem alone, — experiment ; 
when, if unsuccessful, the evil would be irremediable, and 
the owners doomed to eat the bread of disappointment, if 
not of loss. The result of a boiler, on being tried, turning 
up a trump, and giving " plenty of steam,"" with a small 
consumption of fuel, was, indeed, tantamount to a profit- 
able employment of the vessel ; while the reverse was inevit- 
ably attended with a succession of alterations, and, most 
likely, of loss to the speculation. 

Practically speaking, then, the managers of steam com- 
panies ask, " Where are they to begin l where look for a 
remedy for these too often overwhelming evils J Are they to 
remain in doubt for ever?" The interests of ateam navigation 
companies and steam-engine manufacturers are alike con- 

Iceraed in the inquiry ; while the profit, if not the practica- 
bility, of eflecting long-sea voyages is actually dependant on 
this very point, the economizing fuel by effecting its more 
perfect combustion. 
These were the considerations which operated with mo 
when adding my mite to the inquiry ; an inquiry which, it 
is manifest, will not be originated by the " working boiler- 



maker or bricklayer"; and, if I have not perfected tho 
Bystem which so loudly calls for ituprovemeiit, I have, at 
least, directed the inquirer into the right road. 

On my own part, the reluctance to interfere and share the 
risk of failure was put an end to by an iinperious necesdty. I 
was brought to the conclusion, that, to remain any longer a 
mere spectator of those abortive efforts towards improve- 
ment, and, in all cases, to wait the reault of trial, before it 
could be ascertained whether a new boiler was to turn out 
good or' bad, wasteful or economic, was inconsistent, if not 
with the progress of steam navigation, at least with the most 
vital interests of those for whom I was acting. 

This ultiitta ratio for interference, mcessiiy, became also the 
more urgent, since long-sea voyages have been contemplated. 
The determination to examine for myself and exorcise my 
own judgment was forced upon me by the failure of the 
steara-ship the " Liverpool," on her first voyage to New 
York.* I saw, that the owners and managers of steam 
companies could be in no worse position (as to risk or 
responsibihty, touching the boiler department) from their 
interference, than that in which they were placed under the 
circumstances of non-interference. 

* Tbe orrurB of the cn^ncfTs and others, nhicli led to the fliilsre of the firat 
Tofiicf! of the " LlrerjHiDl," veru erroneonslr and Dnworthllfnttrlbuted to Mr. Shaw, 
Klarine Manager of the Dnblia Steam Compaof. The detaUa heieatler to be (tl<i.'n 
niU shoM, timt whutevor iuCerTeronce took place ua bis port wna dictated b; souad 
jud^meDt and experience, and tended to rdi'sec. If it ooald not rfuHUe. tba 
original erroiB in tbe canitmction of the famacea and boilen of that Tessel, The 
clreanutaaoea cunueet«d nlth this Teaiiel tlmih>h an additional motiyo for Intetiet- 
enge on the port of the msaagen and dlrootors of steam cumpanleii \ for here vu 
a practical llluatmtlun of the fact, tbat, not only may the onners of ateam-TesKl* 
be doomed to eufl'er. In a |>ecuniary pohit of liew. the uanssqnencos of tho errors of 
onglnccrB, but, posaiblr, bBenl(jcctodtacen«iirE,and even osluinny, from tho cBbrts 
of others to Chrow Che onus of public dlsappalntmeut from their own shoulders. 

I cannot allow this opporlnnity to pass without noticing tbe unwearied efforta 
towards eRltcClnK ImpruTement. and tbe knowledge of all the delaUs of the steam- 
teswl audits tnaohlner;, wliiohbaTe. duriog fifteen yws, been brought to bear on 
this sulject by Mr. Bhaw, with whom much of tlioac detalla of practical improre- 
moot originated, and which arc now exhibited in the " Oriental," ateam-ship. 



In the proper place I will show, that, of late years, as 
much uncertainty as to the success of a new boiler has pre- 
vailed as when I first began operations, eighteen years ago ; 
and that few boilers, for land or marine engines, even from 
well-established houses, exhibit more in the way of effecting 
perfect combustion or economy of fuel than those of any 
former period since the days of Watt. 

Among the proofs of this stationary or retrograding sys- 
tem, I will adduce the boilers originally placed in the 
" Liverpool." I will give the details of those boilers, and 
the several efforts, on tho part of the engineers, to remedy 
what I will show were inherent defects, and instances of 
contempt for those obemical principles on which combus- 
tion and the right use of fuel alone depend. I will show, 
that the causo of that wasteful expenditure of coals which 
marked the first voyage of the " Liverpool" was alone indu- 
ced by the original mal-construction of the boilers, with their 
twenty furnaces ; — by the injudicious mode of placing them 
in the vessel ; — and the facility thus afforded to mismanage- 
ment in their working ; and that this latter, combined with 
the absence of sound judgment, in this instance, on the 
part of those in command, and an unnecessary and wasteful 
expenditure of fuel at the time when common sense would 
have suggested its being economized and reserved, were the 
direct causes of the failure which attended the first attempt 
of that vessel to cross the Atlantic, I will, from these facts, 
show, that, however well-judged and considerate may be 
the plans of the directors of steam companies ; however 
spirited may be their efforts to have every thing as perfect 
and efScient as money or determination can make it ; still, 
the comparative efficiency of a steam-vessel — the satisfaction 
and patronage of the public — and the general success of the 
speculation will mainly depend on the manner in which the 
engineer performs his part. 
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Whether the following pages may succeed in leading to a 
diminution of those evils which accompany the use of coal 
in our furnaces, remains to be proved. They will, at least, 
give a different, and, I trust, a more practical and useful, 
direction to the inquiries of other labourers in the same 
vineyard. 

I conclude these prefatory observations with the unequi- 
vocal assertion, that, if we study the chemical principles on 
which combustion is effected, and which I have endeavoured 
to explain, and if we apply those principles to practice in 
the manner I have pointed out, we shall not only be enabled 
effectually to banish smoke, with its numerous and accom- 
panying inconveniences, from our towns and manufactories, 
but, at the same time, considerably increase the effective 
power of our furnaces, and thus add economy to comfort. 

With this remark I submit the following pages to the 
notice of all who are interested in the subject. 



INTRODUCTION. 



" The economy of fuel is the secret of the economy of the 
Steam-engine : it is the fountain of its power and the 
adopted measure of its effects. Whatever, therefore, con- 
duces to increase the efficacy of coal and to diminish the cost of 
its use^ directly tends to augment the value of the Steam- 
engine and to enlarge the field of its operations.'*'' 

In these words Mr. Josiah Parkes introduces a valuable 
communication to the Institution of Civil Engineers, on 
"The Evaporation of Water from Steam-boilers,"' and I 
cannot find a more appropriate introduction to the present 
tract. Believing, also, with Mr. Parkes, that " we are yet 
far from having obtained either a complete knowledge of the 
most profitable m>anner of submitting coal to the process of com- 
bustion^ or applying the caloric so obtained to the generation 
of steam,'' I submit the following pages to the consideration 
of the public, and, especially, to mechanical engineers, as 
a step towards obtaining that desired knowledge. 

Mr. Parkes, in his several communications, has investi- 
gated and compared, with a masterly hand, the peculiar pro- 
perties of the several classes of boilers, as exemplified in 
practice, and their respective merits as evaporative vessels. 

c 
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These, with the perspicuous and coriiprehensive tables 
appended to them, throw much light on this department of 
the production and application of steam power. One im- 
portant branch of the subject remains to be inquired into, 
namely, the operations carried on in that great alembic, the 
furnace— chemicallif cmmdered ; and the adapting its arrange- 
ments so as to give full practical effect to the several pro- 
cesses which constitute combustion. 

Taking these in their proper order, in treating on Steam 
and the Steam-engine, the subject divides itself into the fol- 
lowing heads : — First, the management of fuel in the 
generation of heat ; secondly, the management of heat in the 
generation of steam ; thirdly, the management of steam in 
the generation of power. The first ia in the department of 
ih& furnace, the second of the boiler, the third of the eng-ine. 

The object of the present tract is the examination of the 
various circumstanoes connected with the generation of heat 
from fuel ; in a word, all that pertains to the first of these 
'hea.AB, the furnace i the two others having aheady formed 
the subject of many able inquiries, by practical and scientific 
men. That which belongs to the construction of the engine, 
and the endless varieties of ioilers, belongs to the several 
departments of mechanical engineering : that which belongs 
to the construction of the furnace, however, in aid of the 
combustion of fuel and the generation of heat, is strictly and 
exclusively within the department of chemistry. 

That this branch of the subject has been so much neg- 
lected ia, in a great degree, owing to its having been confounded 
with the boiler, by which it fell into the department of thoae 
who were not likely to have studied the complicated chemical 
details which relate to combustion. 

One object contemplated in the following p.-iges is, to dia- 
connect this division of the subject from that branch of 
manufacture — hmler-making, with which it has too long 
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been associated ; and either take it out of the hands of the 
working bricklayer and others employed under the mechani- 
cal engineer, or, what I hope to be able to effect, convey 
to that class of persons such an acquaintance with the 
chemistry of the subject as will qualify them for judging 
what is right or wrong in the management of fuel. 

That the subject under consideration is strictly c/temical 
will be acknowledged when we look into its details, were 
any further proof necessary beyond the fact, that to the 
investigation of the mysterious process we call tximhnstion, 
were the great talents and energies of that illustrious man, 
Sir Humphry Davy, long and anxiously directed ; — that to 
his labours and discoveries in this branch of chemical science 
much of bis fame ia attributable ; — and that, to this day, his 
opinions are received as the highest authority by the whole 
scientific world. 

The subject before ns involves a consideration of the 
nature and properties of the various kinds of fuel : it 
examines the chemical action of their several constituents 
on each other : it seeks to apply those inquiries to the class 
of chemical results which may be useful, and to avoid those 
which are mischievous; it investigates a very difficult 
branch of chemistry — that of gaseous formations, and their 
numerous and complex properties, combinations, and 
equivalents. 

It involves, also, in an especial degree, the closest obser- 
vation on the separate influence which each of the consti- 
tuents of atmospheric air exercises on combustible bodies in 
the generation of those extraordinary elements of nature, 
heat and light ; and, finally, it investigates the cause and 
character oi Jlame and smoke, and the influence these have 
on the former. The combustion of bituminous coal, in fact, 
involves a greater number of distinct natural phenomena 
and chemical results than almost any one process in the 
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whole range of philosophical inquiry. A knowledge of these 
results, at least a correct observation of the modus operandi 
by which nature proceeds, as far as practice demands, is 
then an essential ingredient in an inquiry after the best mode 
of carrying out the operations of the furnace and the forge. 
It is not to be expected, that our firemen are to be 
chemists, or our engineers philosophers ; but it is to be 
expected, in this age of rational research and inductive 
reasoning, that we should avoid manifest and unscientific 
blunders in our every-day manipulations. And when we 
look to the influential part which coals and other combus- 
tibles are destined to perform, we have no ordinary stimulus 
in searching out the right path and practice. 

When we speak of burning coals under a boiler, the 
phrase conveys but an imperfect idea of what that operation 
is ; and, in a scientific point of view, a very inaccurate and 
slovenly one. The combustion of coals under a boiler may 
take place to a large extent, and yet a very low calorific 
effect be obtained, and the water evaporated thereby, that 
is, the amount of duty performed^ or effect produced, may be 
much below what is rightly due to the quantity of fuel 
employed. Now, this I take to be the case, to 9 great 
extent, in the farnaces pf all boilers, especially in marine 
boilers, and even in those connected with the justly cele- 
brated Cornish engines. The extraordinary duty obtained 
from coal in Cornwall appears due to the excellent plan and 
arrangements of the boilers, particularly as to dimensions, as 
Mr. Parkes has satisfactorily shown ; and also to the system 
of using steam expansively, in their engines, in a peculiar 
manner, and to a greater extent than in any other part of 
the kingdom, rather than to any improvement in the mode 
of effecting the combustion of the fuel. Indeed, it would 
appear, that the construction and arrangements of the 
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furnaces in Cornwall are as deficient and unaoand in 
principle as those adopted elsewhere. 

In the following treatise I do not undertake to show how 
ths smoke from coals can be burned ; hut I do undertake 
to ahow how coals may be burned without smoke ; and thia 
distinction involves the main question of economy of fuel. 

When smoke is once produced in a furnace or flue, I 
believe it to he as difficult or impossible to burn it, so as to 
convert it to heating purposes, as it would be to convert the 
smoke issuing from the flame of a caudle to the purposes of 
light ; and this assertion I make in the face of so many 
patents, fi'om so many ingenious men. If, indeed, we could 
collect the smoke and unbumt gases of a furnace, and sepa- 
rate them from the products of combustion which the flues 
carry off, they might, subsequently, be made instrumental 
to the purposes of light and heat ; but that is impossible. 

When we see smoke issuing from the flame of an ill- 
adjusted common lamp, we also find the flame itself dull 
and murky, and the heat and light diminished in quantity. 
Do we then attempt to burn, that smoke ? No ; it would be 
impossible. Again, when we see a well-adjusted Argand 
lamp burn vnthowt producing anp smoke, we also see the 
flame white and clear, and the quantity of heat and light 
increased. In this case, do we say the lamp bunts its smoke f 
No ; we say the lamp burns mtfioui smoke. This is the fact, 
and it remains to be shown why the same language may not 
be applied to the combustion of the same coal and the same 
gas, in tlie/tirnace, as in thelamp. Our object, then, should 
be to draw the same distinction and effect the same practical 
difference between our furnaces as they ought to be, and as 
t/te^ are, which we see between the Argand lamp and the 
common one. This treatise will, I trust, aufSciently show 
how this may he effected, aud, by correcting the imperfec- 
tions of the old plan, lead us to another and a better one. 
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It may be asked, how it has happened, that, hitherto, this 
has not been effected t I answer, because the chemistry of 
combustion has been neglected — not in the labaratofyj but in 
practice ; and because the construction of our furnaces has 
been too much left to those who know little of the chemical 
properties of the materials which are consumed in them. To 
this day, the construction and arrangement of the furnaces, 
in our manufactories, and under the boilers of the steam- 
engines, are in the hands of bricklayers, working boiler- 
makers, and other individuals — ingenious in their respective 
departments, but who should not be expected to be acquainted 
with the details of another department so different as that of 
chemistry ; and whose habits and business cannot have led 
them to investigate or study chemical agencies and processes ; 
yet, on these agencies is the whole question of the efficacy 
of a furnace dependant. 

Are, then, our bricklayers or boiler-makers to become 
chemists ? No. But those who direct — those who assume 
the charge of teaching them to construct the numerous 
descriptions of furnaces with which this country abounds, 
should be masters of the leading principles on which their 
art is based and the success of their operation depends ; and, 
I may add, in which the interest of their employers is so 
much concerned. 

Besides, the required information, as I shall be able to 
show, is not so extensive as to be inconsistent with their 
other avocations ; and I venture to say, if they study the 
facts and principles stated even in this treatise, their eyes 
will at least be opened to the folly of many of those 
" smoke-hwrning''' expedients which of late years have 
incumbered the patent list, and induce them to admit, 
that the lights of chemistry alone can guide them safely 
in those departments of the arts in which combustion 
forms a part. 
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Aiid if we only observe what progress has been made in 
many of the arts and processes around ue ; — for instance, in 
the arts of dyeing, bleaching, and glaas-making ; in the 
manufacture of the acida and alkalies ; ' even in soap and 
candle making; and, above all, in the arta of gas making 
and gas burning^and all by tbe aid of chemistry; it may 
be asked, why not avail ourselves of this aid in extracting 
heat, as well as light, from coal ? and in the combustion of 
gas in OUT furnaces as well as our lamps? Unfortunately, 
so many of our ingenious men have got on a wrong track, as 
I shall show in the course of these observations, that the 
current of invention has lately run even counter to the 
laws of chemistry, and to the works of those able men 
who should have been their only instructors. 

In undertaking, myself, to lead others and to avoid the 
imputation of presumption, I observe, in limine, that I do 
not affeet to give any new view of the nature of combustion, 
much less do I make any claim to discovery. What I take 
credit for ia, the practical application, on, ike large scale of 
the furnace, of those chemical truths which are taught by 
the ablest chemist of the day, and so well known in every 
laboratory. I also take credit for bringing together the 
detailed and scattered facts and ilhiatrations of such autho- 
rities as bear on the subject before us, and of so arranging 
and applying them, (with such additional illustrations aa 
appeared to me conducive to the object in view,) aa will, I 
trust, enable practical men, without going deeper into tbe 
science than ia compatible with their time and other avoca- 
tions, to understand that part which chemistry baa to act in 
the construction, arrangements, and working of our furnaces. 
By this means only will they be enabled to neutralize that 
opposition and counteraction which ignorance and prejudice, 
under the assumed, though erroneous, title of "practice,'''' 
are so apt to give to the suggestions of science. This dispo- 
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jfition to counteract oar effints we may deplore, bat cannot 
prevent. All thinking practical men acknowledge it to be a 
main ingredient in retarding the onward march of improve- 
ment, though to a less extent, certainly, in oar days than 
formerly; and it is, therefore, the more important, that 
mechanical engineers, in whose department these matters 
principally lie, should see the reason and understand the 
principles on which so much of their success depends. 



SECTION L 



OF THE CONSTITUENTS OF COAL, AND THE 
GENERATION OF COAL GAS. 



In a treatise, purporting to describe the means of obtain- 
ing the largest quantity of heat from coal, the first step 
naturally should be an inquiry into the several varieties of 
that combustible and its respective constituents, for the 
purpose of ascertaining the inherent power of each for giving 
out heat. However interesting and useful such an inquiry 
would be, it is not essential to that practical view of the 
subject to which I would confine these observations ; and, 
as it would lead too much into detail, I merely give the 
following outline, which will be sufiicient for our present 
purpose. 

The classification of the various kinds of coal and their 
respective volatile products, coke and ashes, according to 
Dr. Thomson, are as follows : 

Weight of Weight of Incombustihle 
1,000 parts of TolatiU product. Coke, Ashes, 

Caking Coal gives... 226 774 15 

Splint Coal 352 647 95 

Cherry Coal 447 522 100 

CannelCoal 600 400 110 
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More in detail, these varieties are composed of 

Caking Coal, SpUnt Coal. Cherry Coal. Cannd Coal. 

Carbon ... 75*28 75*00 74*45 64*72 

Hydrogen 4*18 6*25 12*40 21*56 

Nitrogen.. 15*i6 6*25 10*22 13*72 

Oxygen... 4*58 12*50 2*93 0*00 

100-00 100-00 100-00 100*00 

Dr. Ure^s analysis, which is considered more correct, is 

as follows : 

Cannd Coal. SpUnt Coal. 

Carbon 72*22 70*90 

Hydrogen 3*93 4*30 

Nitrogen 2*80 0*00 

Oxygen 21*05 24*80 

100*00 100*00 

From the details of an elaborate and apparently accurate 

analysis, made by Mr. Thomas Richardson, with the aid 

of Professor Leibig,* I extract the following ; and which, 

it will be seen, varies essentially from the preceding : 

TABLE I. 



Species of 








Azote and 




Goal. 


Locality. 


Carbon. 


Hydrogen. 


Oxygen. 


Ashes. 


Splint 


Wylam 


74*823 


6*180 


5*085 


13*912 


<e 


Glasgow 


82-924 


5*491 


10*457 


1*128 


Cannel 


Lancashire... 


83-753 


5*660 


8*039 


2*548 


« 


Edinburgh ... 
Newcastle 


67*597 


5*405 


12*432 


14*566 


Cherry 


84*846 


5*048 


8*430 


1*676 


« 


Glasgow 


81*204 


5*452 


11*923 


1*421 


Cakine: 


Newcastle ... 


87*952 


5*239 


5*416 


1*393 


« 


Durham 


83*274 


5*171 


9*036 


2*519 



TABLE IL 



Species of Goal. 


Locality. 


Quantity of 
Oxygen neces- 
sary to the per- 
fect combustion 
of 100 parts of 
Goal, subtract- 
ing the Oxygen 
contained in the 
Coal. 


Relative quan- 
tity of Heat 
given out by the 
same weight of 

Goal. 
Edinboro 100*00 


Relative quan- 
tity of Heat 
given out by the 
same volume of 

Goal. 
Edinboro 100*00 


Splint 


"WyUm 


240*1 
250*5 
256*4 
217-6 
253*9 
244*0 

266*7 
250*2 


110*34 
115*12 
117-83 
100*00 
116*68 
112*12 
122*56 
114*98 


108*99 


(f 


Glasffow 


114*15 


Cannel 


^^^^^"O ......... 

Lancashire 

Edinburgh 

Newcastle 

Glasgow 


117*91 


Cherry 


100*00 
112*07 


« 


107*78 


Cakin&r 


Newcastle 

Edinburgh 


119*03 


<( 


111*31 



* The analysis is given in detail, in a late number of the Mining Review. 
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" The first table requires no explanation. The eecond table 
contains, in the first column, that quantity of oxygon which 
100 parts of tlie different coala abstract from the air for per- 
fect oombuBtion. This quantity of oxygen expresses the 
relative heating power of the different coalsj in admitting 
that the quantity of heat evolved by a eombustible sub- 
stance is proportionable to the quantity ofi^ygm tohich is am- 
gwmed in iis perfect combustion. This relation, according to 
weight and volume, is given in the second and third 
columns. For example, 100 volumes being taken, the 
Lancashire coal gives out more heat than the same volume 
of Edinburgh coal by a quantity expressed by 17'91 ; and 
100 parts by weight being taken, the former coal surpasses 
the latter in the heat evolved by the quantity expressed 
by 17-83." 

I will not here offer any opinion on the above details, as, 
in the course of these observations, I shall have occasion to 
examine the influence which the relative proportions of the 
volatile and fixed constituents of coal have in the generation 
of heat. I have given the table of results, that we may 
have before us the leading characteristics of coal, and their 
carbonaceous and bituminous coDstituenta, as ascertained by 
the latest experiments. 

Mr. Josiah Parkes justly observes, in his first paper on 
boilers, " Experiments are wanting on tho relative heating 
poT/cers of coal and coke" And again, " We have every 
element for the purpose of investigation and comparison 
excepting one, viz., the relative slrenfft/i of the coals em- 
ployed.'" By this is meant the quantity of g^ii'w, aeaj?- 
ahle heat which the several descriptions of coals are capable 
of supplying, supposing such quantities of heat, respectively, 
to he tho maximum result of compile amhmtion. Now, 
the only available teat of the " strength of coaV is the weight 
of water evaporated by any given weight of it. To ii 
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It is not necessary lierc to go more into detail respecting 
novcml comjwunds which exist in coal, or their effect on 
combustion : sufficient for our purpose to know, that they 
are all more or less injurious, with the exception of the 
carh&ii and the hydrogen; and that these latter are the 
bases of the two leading characteristics of coal, as described 
by chetnimts, viz., the carbonaceous, or solid, and the bitu- 
minous, or volatile portiona. Without going further into 
the nature and properties of coal, it will, therefore, he 
sufficient that we take these two leading, well known, and 
admitted divisions, and consider the subject of combustion 
with reference to them alone. 

Professor Brands, on this head, observes : " Carbon and 
hydrogen unite in several proportions and form many curi- 
ous and important compounds, among which it is sometimes 
difficult to distinguish those which ought to be considered 
as distinct and definite combinations from others which are, 
probably, indefinite mixtures of the former. These com- 
])ounds are, generally, termed hydrocarbons, and amongst 
them are some striking illustrations of one species of isome- 
rism ; that ia, of compounds differing often essentially in 
their physical or chemical properties, or both, and, yet, 
apparently produced by the union of the same ekmmU and 
bearing the eame relation to each other." 

Here we have, from the pen of this able professor, suffi- 
cient to satisfy us how intricate are the combinations and 
effects produced by the agents with which we have to deal. 
In the combustion of coal in our furnaces we have several 
varying compounds of the moat powerful agents to which 
chemistry has introduced us, viz., carbon, hydrogen, oxygen, 
nitrogen, and sulphur, with their numerous combinations ; 
and wliat a field of ini]uiry does this enumeration open to 
our view ; yet, what proofs does every step in tbo inquiry 
afford of the difference between the extent of our scientific 
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acquaintance with the subject and its practical apphcation. 

In pursuing the investigation, however, we must not b 
terred by this apparent labyrinth of difficulties. Our 1 
ness ia with facts ^ to collect, arrange, and apply them to oi 
several purposes, and, where we cannot develop the causes, 
to rest satisfied with the efFects produced, and turn those 
effects to the business of life. 

In the natural state of coal, the bitumen and carbon are 
united and solid. Their respective characters and modes of 
entering into combustion are, however, essentially different ; 
and to our neglect of this primary distinction is referable 
much of the difficulty and complication which attend the 
use of coal on the large scale of our furnaces. 

The first leading distinction is, that the bituminous por- 
tion is convertible to the purposes of heat in the gaseous state 
alone ; while the carbonaceous portion, on the contrary, is 
combustible only in the solid state ; and, what is essential to 
be borne in mind, neither can be consumed while they remaia 
united. The fact of this necessary reparation, previously 
to combustion, ia opposed to the popular notion adopted by 
many practical men, whose language and proceedings show 
that they have considered coal (as regards the process of 
eomhustion) to be a homogeneous body ; or, at least, as sus- 
ceptible of being treated by a single operation, and capable 
of being ignited while in the state of solid coal ; yet, nothing 
can be more essentially distinct in the whole range of 
laboratory operations than the treatment of solid and gaseous 
bodies. 

Indeed, the use of the term "/ael,'" as applied to the com- 
bustion of coal during its several processes in the furnace, 
without reference to any particular constituent, or the state, 
whether gaseous or solid, in whicVi it exists at the time, is 
sufficiently indicative of the inaccuracy and inattention to 
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the chemical conditions and combustion to which I am 
referring.* 

This leads us to the first circumstance connected with the 
combustion of coal, which is overlooked in practice, and, as 
far as I have seen, not sufficiently identified by those who 
liave written on the subject : I mean, the negative character 
of coal as a heat-giving medium, or, more correctly speaking, 
its positive character as a cooling medium, so long as the 
bituminous constituents remain united with the carbonace- 
ous, or are in process of volatilization. 

This circumstance, we shall hereafter find, merits particu- 
lar attention, inasmuch as it exercises great influence during 
certain stages of the progress towards combustion, and, 
therefore, demands peculiar management ; and as it is the 
direct cause of those undue and injurious fluctuations of 
general temperature in the body of the furnace, which too 
often derange the evaporative functions of the boiler. 

The general impression among practical men is, that coal, 
spoken of under the objectionable term of ''^/uel^'^ enters into 



* Many instances of the mode of considering the eombnstion of coal might here 
be given : they will, howoTer, be familiar to most readers. The following will suffice 
to explain my meaning. In a popular treatise on the steam-engine, by Dr. Lardner, 
the author, speaking of Bmnton's rerolying grate, obserres, " The coals are let down 
from the hopper on the grate, at that part which is most remote fh>m the flue, 
and, as they descend in Tery small quantities at a time, th^ are almost immediaidy 
iffnUed." Here the coal is represented as being iffnUed, or conrerted into flame, 
which is incorrect. Coal-gas may be converted into flame, and coke may be ignited, 
but coal can neither be ignited nor conrerted into flame. 

Again. *' But, until their ignition is complete,** (meaning, until the whole of the 
gas is expelled,) " a smoke will arise, which, passing to the flue oyer the burning 
coal, toiU be ignited.*' Here it Is the gas which is ignited— the term smoke being 
improperly used instead of gcu. This, also, is incorrect, as smoke, properly speak- 
ing, being once formed, cannot be ignited or inflamed in the way, or by the means, 
here stated, at least, in the same furnace. 

I do not mean to say the author was ignorant of these facts ; indeed, I am 
persuaded of the contrary. I merely quote the passages as a proof of the want of 
attention to chemical propriety and accuracy in the terms used when treating on a 
subject so purely chemical, and the adoption of terms by which popular error is 
too often confirmed and extended. 



combustion at once, on the applicatioii of heat, in the fur- 
nace ; and that, during suck comiastiojt, it evolves the gaaeoua 
matter whiuh it contained. This, however, is neither correct 
nor aeientific, and evades an important feature in the use of 
coal, namely, (he order in which the gaseous and solid por- 
tions come into use as heat-giving media. Let us exajnine 
this more closely and in detail. 

When heat is first applied to bituminous coal, the ques- 
tion naturally arises, What becomea of it? or. What is its 
effect J An ordinary observer vpould say, it will directly 
increase the general temperature of a furnace, by bringing into 
activity an additional mass of combustible matter, Ulti- 
mately, it will have that effect ; but we are now inquiring, 
strictly and chemically, into the several progressive stages of 
combustion, and must not deceive ourselves by general con- 
clusions, to the negleot of those intermediate circumstances 
from which important results arise, or which may require 
special arrangements ; and the circumstance I am now 
drawing attention to is jnst of such a character. 

A charge of fresh coal thrown on a furnace already in an 
active state, so far from augmenting the general tempera- 
ture, or gimng out heat, becomes at once an absorlent of it. 
This cannot have escaped observation, although the extent 
to which this absorbing process is operative, the cause of 
this absorption, the circumstances which accompany it, 
and its immediate consequences, seem to be very inade- 
quately appreciated. 

This heat, so absorbed, becomes at once the source of the 
expansion and volatilization, of the bituminous portion of the 
coal ; in a word, of the generation of the gas : the absorption 
of the one being in an c.vact ratio to the generation of the 
other. Now, volatilization is the most cooling process of 
nature, by reason of the enormous quantity of heat which is 
directlv converted from the sensible to the latent state ; and 





thia absorption of heat, ta/ren from the general mass in the 
furnace and appropriated, as it were, by the coal to its 
own purposes of gasefaction, goes on until the whole of its 
Tolatilizable constituents have been thus winged for flight. 

The bitumen of the coal, by reason of the great poi'portion 
of hydrogen which it contains, (and which is its main con- 
stituent,) absorbs heat with great avidity, the first result of 
which is its change from the state of a solid, to that of a tarry, 
viscous semifmd ,■* and, Bubaequently, by further increments 
of heat, to the state of gas, with its enormously expanded 
volume. The effect ia, that the large quantity of heat 
BO absorbed, and become latent in the gas, is wholly 
unavailable for the business of the furnace, and must con- 
tinue so until such gas enters into chemical union with 
oxygen, and is consumed. 

The continuance in aucb fused or semi-fluid state being 
but temporary, we cannot, as wo do in the case of water, 
retain it, and ascertain the exact quantity of heat duo 
to this specific state of semifluidity. Hence, we are apt 
to overlook, or underrate, its faculty of absorption ; and 
so also of the still greater degree of latent heat due to 
its gmeotis state. Had we the power of condensing it, as 
we do when we condense steam, we should, in like manner, 
be able to ascertain the quantity of its latent boat. On these 
points it is instructive to consider the phenomenon, now so 
well understood, of the abaoqition of beat by water, during 
its expansion and volatilization ; — the conversion of coal into 
gas being strictly analogous, in principle, to the conversion 
of ice into water, and water into steam. 

We know that the heat of fluidity of water is 140, while 
that of its elastic fluidity, or state of steam, ia 1000, accom- 
panied by an expansion of 1800 times its bulk or volume. 
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What the corresponding numbers are, with respect to the 
semifluid and gaseous states of the bitumen of the coal, has 
not been ascertained, but cannot be taken at a lower estimate. 

We know, however, that heat, where it can be absorbed, 
produces expansion, and that it only ceases to be absorbed 
when the capacity of the body for retaining it is satisfied ; 
that is, when no more heat can be retained without a further 
change of condition or form, and when all further incre- 
ments of heat would pass off in a sensible state, by con- 
duction or radiation, as fast as received, and become appre- 
ciable by the thermometer. 

Thus, we see how the relation between the consecutive 
changes induced by heat in ice, from solid to liquid, and 
liquid to vapour or steam, is a correct type of what takes 
place between the solid, semifluid, and gaseous state of the 
bituminous portion of coal. Thus, also, we understand 
how coal thrown on a fire can have no direct operation as a 
heat-giving body, until, through its successive changes in 
form, character, and faculty of absorbing heat, its maximum 
power of retention has been reached, and its gaseous state 



We now see, that every fresh charge becomes, ^ro tanto, 
an absolute refrigerator in the furnace, both mechanically 
aud chemically. Mechanically, by its interposition between 
the glowing coals on the bars and the boiler, and thus 
intercepting radiation. C/iemcallif, by the conversion of so 
largo a quantity of heat (which would otherwise have 
worked the work of evaporation) from the sensible, 
thermometrio state, to the insensible, latent state, in the 



The flrst of these sources of the cooling iuHuence of a 
fresh charge of coals is alone what, in practice, is attended 
to ; while the second, though much more influential, is disre- 
garded or unknown. Of this, however, we shall have to 
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take further notice, inasmuch as it is an injuriotiH accom- 
paniment of the act of charging a fumade. 

And here I would draw attention to the distinction, in 
point of time, which thia process of gasefaction necessarily 
produces between the eombiistion of the two constituents, 
the carbon and the bitumen. So long as any of the bitumin- 
ous constituents remain to be evolved from any atom or 
division of the coal, its solid, or carbonaceous part remains 
black, at a comparatively low temperature, and utterly 
inoperative as a heating body. This, we have seen, arises 
from the circumstance of the entire accessible heat being 
absorbed and carried off by the bitumen during its expan- 
sion and volatilization ; — such heat being, in fact, the cause 
and element of its volatiUty ; whereas, the carbonaceous 
portion of such atom or division remains, without any 
increase of temperature, under the ^"^ coding process of gase- 
faction^' (as Dr. Ure terms it,) beyond that which is required 
for expelling the gas. In other words, the carbonaceous 
part haj^ to wait its turn for that accession of heat which is 
essential to its own progress towards combustion, and in its 
own peculiar way, as will be explained hereafter. 

The whole of this process, preparatory to the combustion 
of the gas, is well illustrated by what takes place in our 
gas-making establishments, and which exbibit the great 
quantity of heat required for this conversion ; yet, this loss, 
or appropriation of heat is strangely overlooked when 
operating with coal in the furnace. Now, we cannot be 
insensible to the fact, that whatever coal is used and heat 
employed outgide the retorts, in our gas-works, is employed 
solely in expanding and expelling the bituminous matter, 
in the shape of gas, from the coal which is placed inside 
those retorts ; and that a corresjionding expenditure of heat 
must take place when we expel the gas from the coals in 
our iumaces ; or, in fact, wherever gas is generated. 



In the retorts, however, no loss is Bustained, the entire 
of the gaa generated being collected and retained for subse- 
quent combustion ; whereas, having no power of retaining 
it under the arrangements of a furnace, much of it is there 
unavoidably lost. Thus, after the bituminoua portion of the 
coal has so exhausted the furnace by this cooling proeesa, (its 
own gaaefaction,) if we suffer it to escape without combus- 
tion, (and which, in most cases, is the fact to a considerable 
extent,) we are losers of absolute, effective heat, to the entire 
extent of what has been so taken up : and, protectively, to 
the extent of what it would have given out, had it duly 
entered into union and combustion with its equivalent of 
oxygen. 

We also see, that if this bituminous part, so converted into 
gas, at such an expense of beat from the furnace, be not con- 
sumed and turned to account, it would luve been better had 
it not existed in the coal ; as such beat would, in that case, 
have been saved and become available for the business of the 
furnace. To this circumstance may be attributed the alleged 
comparatively greater heating properties of coke, or antlua- 
cite, over bituminous coal ; not that the former has, in fact, 
the property of imparting more heat, weight for weight, 
but that the latter, by reason of tho fugitive gaseous cha^ 
racter of its bituminous portion, and the physical and che- 
mical impediments to its entire combustion, presents greater 
practical difficulty in bringing its heating powers to account ; 
no such difficulty oecuring in the use of coke. The entire 
of the bituminous constituents being thus expelled, the 
second, or carbonaceous constituent remains. This, in the 
retorts, is called coke, and, as we shall hereafter have to ob- 
serve, cannot, hif itself, be reduced to a gaseous state. 

Thus we have before us not only the elementary constitu- 
ents of coal, but their subsequent separation under the forms 
of solid and gaseous bodies. The importance of this 
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distinction will be better understood as we proceed. Much 
confusion at present prevails in all that regards the use of 
coals in a furnace, by disregarding the several distinct pro- 
cesses to which we have been referring, and the order of their 
succession, viz., the expansion and* fusion of the bitumen ; 
the generation of the gas ; its absorption of heat during 
such expansion ; its combustion ; the subsequent combus- 
tion of the solid carbon, and so on : for if not managed with 
due attention to the peculiarities and wants of each, these 
several processes interfere with and mar each other^s eflfect. 
Now, these distinctions and their modifications, which will 
be noticed as we proceed, involve the whole question of perfect 
or imperfect combustion, and by which economy or waste 
is to be induced. In commenting on these several heads, 
I will be as explicit as possible, without going more into 
scientific detail than may be consistent with the means and 
opportunities of that class of practical mechanics for whom 
I write. 

The point next under consideration will be, the peculiari- 
ties, processes, and general phenomena incident to the com- 
bustion of the gaseous portion of the coal, as distinct from 
the carhonaceom or soUd portion. 



SECTION 11. 



OF GASEOUS COMBINATIONS, AND PARTICU- 
LARLY OF THE UNION OF COAL GAS 
AND AIR. 



Having pointed out the leading characteristic in the use 
of coals, arising out of its elementary divisions, bituminous 
and ca^hmaceous^ namely, that the first is available only in 
the state of gas^ and the second in that of a solid ; and 
having explained the first process of gasefaction, our next 
step in the progress towards the combustion of this gaseous 
portion is, its union with atmospheric air. This part of 
the subject will require the more attention, as the greater 
portion of the practicable economy in the use of coal will 
be found connected with the combustion of the gases ; and 
as the numerous combinations of which they are susceptible 
embrace the whole range of temperature, from that of 
flame down to a refrigeratory effect. 

The subject of gaseous combinations, then, is, without 
exception, the most important in the inquiry before us ; an(i 
those who would study the economy of fuel, and the obtain- 
ing from it the greatest quantity of heat, cannot dispense 
with this branch of it, — it is the alpha and omega of the 
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process of combustion. The mechanical engineer may ask, 
What has this to do with boiler-making or furnace-building? 
I tell him, it involves the whole question of right or wrong 
in these trades : and, hereafter, it will be admitted, that, if 
ignorant of this branch of chemistry, he must be ignorant 
of the first principles of his business, so long as a fur- 
nace is to be part of a boiler, and that coals are to be 
consumed in that furnace. 

On the application of heat to bituminous coal, the first 
result, as already mentioned, is its absorption by the coal, 
and the consequent disengagement of gas, from which all 
that subsequently bears the character of flame is exclusively 
derivable. This gas, whether it be in a close retort or in a 
furnace, is associated with several other substances more or 
less tending to deteriorate its inflammable properties and 
powers of giving out heat and light. In the preparation of 
gas for illuminating purposes, these impurities are separated, 
and the pure gas alone employed. As, however, this sepa- 
ration cannot be effected in the furnace, and as the entire 
gaseous products of the coal, good and bad, are indiscrimi- 
nately mixed, and necessarily consumed together as they are 
generated, it is the more incumbent on us to be cautious, 
lest, by any injudicious arrangement, we force these im- 
purities into a more active energy, and thus increase their 
deleterious agency. 

We will not stop here to consider the nature of those im- 
purities arising out of the unions of sulphur, and the other 
injurious constituents of coal, although they exercise a con- 
siderable, and even a mischievous influence on the calorific 
effect of the burning gas in the furnace ; but will take those 
constituents alone which unite in forming the meful gases, 
and from which we are to derive heat. 



Those conatituenta are the kt/di-ogeti and the carhon : and 
the unions which alone concern us here are, 6r8t, carhuretted 
hydrogen, and, second, hi-carhuretted hi/drogen, oommonly 
called oleiiant gas. These two, and their unions with the air, 
in the process of conibnstion, ^ve are now about to examine. 



Our object being to obtain heat by the combustion of these 
inflammable gases, this is the place for a few remarks on 
the nature of comhvMion, and, particularly, as regards gaseous 
matter, without going deeper into the subject than is ne- 
cessary for its practical application. 

Gases, as well as other bodies endowed with the power 
of giving out heat and light, have been called comhmtihks. 
This term has been a source of much error in practice, from 
a misconception of its meaning, under the impression that 
combustibles possess, in some undefined manner, and within 
themselves, the faculty of burning ; and, although every one 
knows that they cannot burn vnthout air, still, the part which 
air has to act in the process is but little inquired into by 
unscientific men. It is, indeed, within our own time that 
the nature of this union of the gas with the air has come to 
be better understood ; and, although the abstract question, 
as regards the immediate cause of that chemical action 
which we call combustion, may continue to be disputed, 
and new theories continue to be broached, still, for all 
practical purposes, it is now sufficiently defined and 
understood. 

Here we are called on to inquire, with reference to the 
gases under consideration, — Whether there are any pecu- 
liarities or conditions which can influence the amount of 
hoat to be obtained from them ? and, if so, what they are. 
This again involves other questions with reference to air, 
and the part which it has to act in the process ; and thus 
we are introduced, at once, into the c/iemhtry of cotnhustioii. 



One advantage of viewing the subject in this light is, 
that we shall eee how idle would be any ealeiilation or ar- 
rangement as to the dimensions or details of a furnace, be- 
fore we had well examined and understood the rationale of 
that process on which those details must nocesBarily be con- 
tingent. For what chemist would begin by deciding on the 
dimensions of his retort or other apparatus, before he had 
considered the particular process to which they were to be 
applied ; or the nature, properties, and tendencies of the 
materials with which he was about to operate I Yet, such 
is the every-day practice of those who profess to instruct us 
in the economy of fuel and heat ; and, as Tredgold and others 
have done, give precise formulse for deciding to a fraction 
the dimensions and details of our furnaces in which the 
operation of combustion, both of solids and gases, is to be 
carried on, while they neglect inquiring into the nature of 
the process itself, or the characters of the materials to be 
employed. The absurdity of this practice and the dangers 
into which it leads practical men wllj be more apparent 
when we come to consider the several parts of the furnace, 
and the duties which belong to each. 

Let us here take a different course. Let us begin at the 
beginning. Let us examine and understand the nature of 
the process to which we are about to submit our materials, 
and their respective peeuliarities, conditions, and wants, 
during combustion, before we determine the size or shape 
of the vessel in which the operation is to be conducted. Let 
us thus qualify ourselves to decide on secondary consider- 
ations, by a thorough knowledge of the primary ones by 
which they are to be regulated. With these preliminaries, 
we go rationally, systematically, and satisfactorily to work ; 
otherwise, our labour will be vain, and only produce dis- 
appointment and loss. 
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Comhuetibility, then, is not a quality of the combustible, 
taien by itself. It is merely a. faculty which may be brought 
into action through the instrumentality of a corresponding 
faculty in some other body. It is, in the case now before 
us, the union of the comhustiUe with oxi/gen, and which, for 
this reason, is called the "supporter''';* neither of which, 
however, wA^« ta^en alone, can be consumed. "f- 

To effect combustion, then, we must have a cmniustible 
and a supporter of combustion. Strictly speaking, combus- 
tion means union; but it means chemical union- — one of 
the accompanying incidents of this kind of union being 
the emission of heat and light. What the nature of heat 
, is ; or the manner in which it is associated with matter ; or 
how it is liberated during chemical action \ and whether it 
is caused hy electric, or by what other influence, is not here 
to be considered. Sufficient for our present purpose is the 
fiact, that the chemical union of the combustible and the sup- 
porter, under certain now well-ltnowii conditions, is, for us, 
the cause of heat ; and, further, that exactly in the ratio that 
such union is complete is the quantity of heat increased. 

But we have not the means of obtaining this necessary 
supporter, this oxygen, in sufficient quantity, in a separate 
state, except at an expense which would render it incompa- 



3 indicatlTe of its office In 
id detective. Where two 
lOth, 03 in this coeb, being 



* The term " supporter", as appKed to oxygen, 
tbo proceis of combBiUoa, appears both Injudic: 
bodies Dnjte to prodDCe a rIvoii effect, the preseni 
egvuil^ eaaentiBl in the production of light and heat, the term " euppoiicr" would 
bs eqaaii^ a^iplicable to the one as to the other. The French chemlats haie adopted 
sterm tor which ne have no eorrespondlng one in English, namelj', " ounbiimiif ', 
meaning, a hodj which bums itrtth another. 

I " In ordlniu7 langnige, a body la said to hurzi nhea its elements unite with 
the oxygen of the ait. and form new prodocts. One of the bodies, as bydrogon, la 
tensed the burning or combustible body, and the oxygen la said to be ILo suppor- 
ter of combustlen; but this language, although concenieut fur canuuon use. is 
incorreot aa a solentlBe expreMion, far oxygen may be bnraed in a Teasel of 
hydrogen, as well as hydrogen la a vessel of oxygen, the one and the other being 
eqiuUT aitlve in the praeess, and bdng related to each other in erery way alike ~— 
StituiOt afCliemUly, Af Rabcrl Kane, MJ). : Fart i., p. 13S. 1340. 
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tible with the puqrases of a furnace. Our only alternative, 
then, is to apply to the atmoBphere, of which it forms a 
part, to satisfy our wants. Had we to purchase or manu- 
facture this oxygen, as Mr. Gumey does, in procuring 
the supply for his " Bude light", we should, necessarily, he 
more economic of its use, and inquire more respecting its 
application. But, finding an abundant supply at hand in 
the atmosphere, and obtaining it without expense, we are 
careless of its use, and take no note of the large quantity 
of noxious ingredients with which it comes accompanied. 
H"enco many of the evils to which I am about to draw 
attention. 



The unions we have now to examine are those which take 
place between the constituents of the coal and those of 
atmospheric air, namely, the hydrogen and carbon of the 
former and the oxygen of the latter. Dr. Ure calls the 
carbonaceous part of coal " the main heat-gi^■ing constituent," 
In this ho must bo understood to include that portion of the 
carbon wliich forms one of the (Sjanstitucnts of the gases 
alluded to ; and, although, for the purposes of the furnace, 
so much value is set on the solid carbonaceous portion — t}i£ 
coke, we must not, on that account, undervalue the heat- 
giving properties of ilte gas. Indeed, the extent of those 
powers is strikingly brought before us by the fact, that, for 
every ton of 20 cwt. of bituminous coal, no less than 10,000 
cubic feet of gas are obtained, for which we pay at the rate 
of lOs. for every 1,000 feet : the heating and lighting pro- 
perties of the gaseous portions alone of one ton of coals thus 
costing five pounds sterling. 

When, therefore, we consider the immense heating 
powers which such a mass of flame as 10,000 cubic feet of 
gas produces, we cannot resist tlie conclusion, that there 
must he something essentially wrong in the mode of bringing 




it into action within a fnrtuice, as compared to its well- 
known efficacy in an Argand hurtier. That this ia the 
fact will appear manifest as we proceed : and one of my 
objects is to show how the combustion of the volatile 
portions of coal may be effected as completely, when ii 
from the throat of a furnace, as from the beak of a, gas- 
burner. 

Let us bear in mind, that coal gas, whether generated in a 
retort or a furnace, is essentially the same ; altbougb, in 
the latter i!aso, it is 'accompanied by the impurities which 
I have alluded to. Again, that, strictly speaking, it is not 
inflammable ; as, hy itself, it can neither produce flame 
nor permit the continuance of flame in other bodies ; and 
which is proved by the fact, that a lighted taper introduced 
into a jar of carburetted hydrogen, (coal gas,) so far from 
inflaming the gas, is itself instantly extinguished. 

How, then, is it to be consumed and rendered available for 
the production of heat ? The answer is, solely by effecting 
its chemical itition — not with the air, as is the vulgar and 
dangerous notion, but with the oxygen of the air — the " sup- 
porter" of flame—the heat-giving constituent of the air — in 
giwti quantities, and at a given temperature. 

This, at once, opens the main question,— What are' these 
qiianiities, and what is this tmiperature, and are there any 
other conditions requisite for effecting the chemical union of 
the oxygen of the air with the inflammable gas, to t/ie best 
advantage ? 

Effective combustion, for practical purposes, is, in truth, a 
question more as regards the air than the gas ; and the for- 
mer, as referable to our object, would appear bettor entitled 
to the term, combustible, than the latter, inasmuch as the 
beat is increased in proportion to the quantity of air we are 
enabled to use advaTitageoudy. Besides that we have no 
control over the gas after having thrown the coal on the 
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furnace, though we can exercise a control over the air, as I 
shall show, in all the essentials to perfect combustion. It is 
this which has done so much for the perfection of the lamp^ 
and may be made equaUj available for \hQ furnace. 

Now, although this control, and the management arising 
out of it, influences the question of perfect or imperfect com- 
bustion, and, therefore, affects that of economy ; yet, strange 
to say, in an age when chemical science is so advanced, and 
in a matter so purely chemical, this is precisely what is least 
attended to in practice. The Aoto, and the when^ and the 
where this controlling influence over the admission and ac- 
tion of the air is to be exercised, are points demanding the 
most serious consideration, and can only be decided on «trict 
chemical prvaciples. 

These points I propose examining under the following 
heads : 

1st. — The quantity of air required for the combustion of 

the volatile portion of coal — the gas. 
2d. — The quantity required for the combustion of the solid 
portion — ^the carbon^ after the gas has been ex- 
pelled. 
3d. — The quality of the air so employed, particularly as 

regards the combustion of the gas. 
4th. — -The incorporation or diffusion of the air with the gas, 

and the time required for effecting the same. 
5th. — The m>ode by which the incorporation of the air 

with the gas may be best effected. 
6th. — The place where the air may, with the most effect, 
be introduced to the volatile and the solid or 
fixed portions, respectively. 



SECTION III. 



OF THE CONSTITUENTS OF COAL GAS, OR 
CARBURETTED HYDROGEN, AND THE QUAN- 
TITY OF AIR REQUIRED FOR THEIR COM- 
BUSTION. 



The first step towards effecting the perfect combustion of 
any combustible gas is the ascertaining the quantity of 
oxygen with which it will chemically combine, and the 
quantity of air required for supplying such quantity of 
oxyffen. Here, then, we are called on for strict chemical 
proofs — these several quantities depending, not on the 
dictum of any chemist, but on the faculty which each 
particular gas possesses of combining with certain definite 
proportions of the other — the supporter ; these respective 
proportions being termed '^ eqmvalen;t8*\ or combining 
volumes. This doctrine of equivalents must, therefore, be 
understood before we can be prepared to admit the necessity 
of any precise quantities. This question, as to quantity, 
is also the more important when we consider, that the 
quantity of effective heat obtained by the combustion of 
any body will be in exact relation to the quantity of oxygen 
with which it will chemically combine. 
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Let us begin, then, by inquiring into the constitution 
of the coal gas, and the relative proportions in which 
its constituent elements are combined, as these necessarily 
govern the proportions in which it will combine with the 
oxygen of the air. 

Now, the doctrine of " equivalents'", that all-convincing 
proof of the truths of chemistry, being clearly defined and 
understood, reduces, to a mere matter of calculation, that 
which would otherwise be a complicated tissue of uncertain- 
ties. And let no mechanic feel alarmed at this introduction 
to " elementary atoms^ and " chemical equivalents^, or 
imagine it will demand a deeper knowledge of chemistry than 
is compatible with his sources of information : neither let 
him suppose he can dispense with the knowledge of this 
branch of the subject, if he has anything to do with the com- 
bustion of coal. Without it, he is at the mercy of every 
speculative " smoke-burning**** pretender ; whereas, with it, 
his mind will be at once opened to the simplicity and effici- 
ency — I may add, to the truth and beauty of nature^s pro- 
cesses, as regard combustion. 

There is not, indeed, a more curious or instructive part of 
the inquiry than that respecting the conditions and propor- 
tions in which the compound gases enter into union with the 
constituents of the air : neither is there one more intimately 
connected with the practical details of our furnaces ; these 
introductory remarks are, therefore, necessary for those 
who are not already familiar with it. Indeed, without 
some information on this head, the unions of the gases might 
appear capricious or uncertain ; whereas, in fact, they are 
regulated by the most exact laws, and subject to the most 
unerring calculations.* 

* Mr. Parkes, obseryes :—" We are nnfumished with any definite, determinate 
experiments regarding the proportions in which air and fuel unite daring com- 
bustion. We are, practically speaking, altogether ignorant of the mutual 




Much of the apparent complexity which exists on this 
liead arises from the disproportion between the relative 
volumes, or hulk, of the constituent atoms of the several gases, 
as compared with their respective iceights. 

For instance, an atom of hydrogen (meaning the smallest 
ultimate division into which it is supposed to bo resolvable) 
is double the bulk of an atom of carbon vapour ; yet the 
latter is six times the weight of the former. 

Again, an atom of hydrogen is double the bulk of an atom of 
oxygen ; yet the latter is eight times the weight of the former. 

So of the constituents of atmospheric air— nitrogen and 
oxygen. Anatomoftheformer is double the bulk of an atom 
of the latter ; yet, in weight, it is as fourteen to eight. 

A further source of apparent complexity arises from the 
faculty of condensation, or diminution of bulk, which, in 
certain cases, attends the union of the gases. For example, 
one volume of oxygen, and two volumes of hydrogen, when 
united, condense into a volume equal to that of the hydro- 
gen alone (the weight being, of course, the sum of both) ; 
that is to say, one cubic foot of osygen chemically com- 
bined with two cubic feet of hydrogen condense into the 

relatiOM whieh suMat between tho (WinftBrfiWe and the supporter ofanBiutOim 
(tho ruel Bod the ox;genl : and, tliongh ne know. that, withont oij^n, we cannot 
elicit beat from oool, wa bare fet to digcover the moat pioductire eomblnationa 
of the two eleraenta. 

" Here, then, remains a wide field Toe research and eiperlment, worthy, and, 
indeed, requiring the laljours of a profonnd chemiat." 

These mattera are now better undBratood. and those " mos/ prodBrtiiie MmMno- 
rtniwf rendered fnmQiar and certain, by the labonra of that '■profonnd chemiat", 
John Daiton, who Urat drew the attention of the ehemicBl world to the auiyect of 
eqaitalent proportiona, and (anght ns the importance and neoessiCr of aacortaiaine 
tboae pToportiona— in fact, of '^ rtftsfming b^ Qte aid of the balance." 

Daiton'B papers were drst read before the Manchester Philosophical Society, and 
published in their memoirs in the year 184S. Theao Talumea are ^ery scarce, and 
1 hare not been able, anywhere, to meet with a complete copy of them. The Hoyai 
Inatltntion, where Oary brought his great diseorcries to light, cantatna bnt the 
fire Yoluraes of tho flrst scries. These Tolomes, or, at inaat. the papers of Dnllon, 
■honid be republished, for tbe purpose of ahowing the correct chain of reasoning 
by which the mind of (hat aeale philoacpher proceeded. 



hulk of two cubic feet : and so on, each union bearing its 
now ratio of volume and weight. This apparent complexity, 
however, we shall soon ece give way to a systematic con- 
sideration of the subject. 

I have stated, that there are two descriptions of hydro- 
carbon gases in the combustion of which wo are concerned ; 
both being generated in the furnace, and even at the same 
time, namely, the carhuretted and bi-carluretted hydrogen 
gases. For the aalce of simplifying tho explanation, I will 
confine myself to the first, as fonning the largest proportion 
of the gas to ho consumed, namely, the carhuretted hydro- 
gen, or common cml gas, as I shall call it, for the sake of 
brevity. 

Now, as, during combustion, the atoms of this gas become 
decomposed, and its constituents separated ; and as these will 
be found to exercise separate influences during the process, 
it is essential tliat we examine them, as to their respective 
properties, weights, and volumes. 

On analyzing this mixed gas, we find it to consist of two 
volumes of hydrogen and one of carbon vapour ; the gross 
bulk of these three being condensed into the bulk of a sijiple 
atom of hydrogen ; that is, into two-fifths of their previous bulk, 
as shown in tho annexed figures. Let figure 1 represent an 
atom of coal gas — carhuretted hydrogen — with its constitu- 
ents, carbon and hydrogen ; the space enclosed by the lines 
representing tho relative size or volume of each ; and the 
numbers representing their respective weights — hydrogen 
being taken as uniii/ both for voliuno and weight.* 



* " Cegiu (carbnrettod hjUrogen) tat cumposi- de 76'17 partloa (bj weight) de 
tarboue, it S('33 dlifdrogene ; ou.d'unniliimedK carbone gueux et qnitre toIuidbs 
de gai hidn^ino. condenate i. In moltic dno volume de cedemlei, ou.aux 2/3 
dii Tolume total du gsE, de innjiicre que de cinq Tolutnes timplei, tl n* en reanlU pu 
plus ds diiui de U coaib\aiaaoa."—Bei:aliiii, Vol. i., 331). 
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Although not intendmg to take any farther notice, in this 
place, of the bi-carburettedhjdrogeny I have, however, annexed 
diagrams, figs. 2 and 4, representing this gas and its consti- 
tuents, that both may be under view at the same time ; and 
by which it will be seen, that although, in volmne^ the ttDO 
gases are precisely the same^ there is yet double the quantity of 
cari<m in the hi-carhuretted that there is in the carhuretted 
hydrogen, : this circumstance is of great importance, and 
must be kept in our recollection, as these proportions will 
be found to have a considerable influence during the subse- 
quent process of its combustion.* 

I would here observe on the importance of keeping 
in mind this double relation of weight and volum^^ and 
the atomic constitution of these gases, as it will prevent 
much of that confusion which too often embarrasses those 
who are not familiar with the subject of gaseous com- 
binations. 

Let us now, in the same analytical manner, examine 
an atom of atmospheric air, the other ingredient in 
combustion. 

Atmospheric air is composed of two atoms of nitrogen 
and one atom of oxygen ; and here again we find a great 
disproportion between the relative volumes of these consti- 
tuents ; one atom of nitrogen being double the volimie of an 
atom of oxygen, while there relative weights are as 14 to 8 : 
the gross volume of the nitrogen, in air, being thus four times 
that of the oxygen ; and in weight, as 28 to 8, as shown in 
the annexed figure 5. 

* The mode of representing the volumes of gas, by rectangular fignres, as 
adopted by Mr. Brande and other chemists, ia faTourable, so far as 8in(^ atoms are 
concerned, inasmuch as the eye at once recognises the relation between volumes 
and half vdumes. As, howcTer, I shall have to do with masses of these gases, I have 
adopted circular figures, the relation between the sizes of the volumes of the differ- 
ent gases being the same. 
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Here we are relieved from the complexity arising out of any 
difference in volume between these constituents, when united 
and when separate. In the coal gas we found the consti- 
tuents condensed into tim-fifths of their gross bulk when 
separate : this, we see, is not the case with air ,■ an atom of 
which is the same, hstk as to bulk and toei^ht, as the sum of 
its constituents. 

Thus, we find, the oxygen — the hsat-giimg constituent of 
the air, bears a proportion in volume to that of the nitrogen, 
as 1 to 5 ; there being, in fact, but 20 per cent, of oxygen in 
atmospheric air, and no less than 80 per cent, of nitrogen ; 
a circumstance which should never be lost sight of in all 
that has to do with its admission and application. 



Having shown the composition of coal gas, and also of air, 
with the weights and volumes of their respective constituents, 
we now proceed to the ascertaining the separate quantity of 
oxygen required hy each of those consiitnenis, so as to effect 
its perfect combustion, and produce the largest quantity of 
available heat ; in other words, to find the " chemical equi- 
valeaf", or volume of air, required for the saturation of this 
mxed ga«. 
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Now, thia ia to be decided, not by the quantity of air we 
niay admit or force into the furnace, but solely by the faculty 
with which caeh of these constituents ia endowed of uniting 
chemieally with the oxygen. 

With respect to this power, or faculty of reciprocal aatu- 
ration, the first great natural law is, that bodies combine in 
certain fixed pr(^ortiom imly^ — a remarkable feature in this 
law, as far as gaseous bodies are concGrned, being, that it has 
reference both to volume and loeight ; thus, by tbeir concur- 
rence, establishing the principle which now no longer admits 
of any doubt.* 

The important bearings of this great elementary principle 
of proportionate combination cannot be more strikingly illus- 
trated, or its influence rendered moro familiar, than in the 
several combinations of wliicb tbe elements of atmospheric 
air are susceptible, and the extraordinary changes of charac- 
ter and properties which accompany the changes, in the 
relative quantities alone, of the combining elements. 

For instance, oxygen unites chemically with nitrogen in 
five different proportions, forming five distinct bodies, each 
essentially different from the others, thus : 
Atom. Wmi^. Atom. Weight. Qrota Wei^t. 
1 of Nitrfigen 14 unites with 1 of Oxygau 8 forming Nitrous Oxide 32 
...Nitric Oside 30 



1 11 3 24 


Hyponitrous Acid 38 


1 U 4 33 


Nitrons Acid 46 


1 14 6 40 


NitricAoid 54 
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A description of the properties of these distinct bodies may 
be found in any chemical work of authority, and I only 
mention these unions to exemplify the importance of attend- 
ing to the proportions in which bodies unite ; as we here 
find the very elements of the air we breathe, by a mere 
change in the proportions in which they are united, forming 
BO many distinct substances, from the laughing gas, nitrous 
oxide, up to that most powerful and destructive agent, nitric 
acid, commonly called aqtuxrfortis. 

This case of the combination of nitrogen and oxygen also 
shows the importance of the distinction between mechanical 
and chemical union; these twoelement»heingonlym>echanically 
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united in forming atmospheric air, by which the essential 
properties of its two constituents are preserved unaltered ; 
whereas, in the five bodies above enumerated, the union is 
chemical^ and, consequently, the essential characters of their 
respective constituents are lost, and new ones obtained. 

Now, to apply these principles to the bodies under con- 
sideration, namely, the carbon and hydrogen^ and ascertain 
the proportions of oxygen they respectively require to pro- 
duce chemical union. 

These two constituents, though united in the one body — 
the gas, yet, not only separate themselves during combustion 
in a remarkable manner, but, by two distinct processes^ form 
two essentially different vmions. This is an important feature of 
the development of chemical action which the law of equiva- 
lents at once points out and enables us to satisfy, although 
this double process does not appear to be understood, much less 
to be provided for, in practice^ though familiar to every chemist. 

On the first application of heat, or, what may properly be 
termed, the firing or lighting the gas, when duly mixed 
with air, the carbon separates itself from its fellow constitibent^ 
the hydrogen^ and forms an union with the former, the pro- 
duce of which is carbonic acid gas. 

Now, the laws of chemical proportion teach us, that car- 
bonic acid is composed of one atom of carbon vapour, (by 
weight 6,) and two atoms of oxygen, (by weight 16,) the 
latter, in volume, being double that of the former, as in the 
annexed figure. 



Fig. 7. 
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Carbonic aold. 
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ThuB, as far aa the carbon is concerned, we obtain the 
information we sought, namely, its saturating equivalent of 
oxygen, and which we find to bo just double its aim wlime ; 
or, by weight, as 16 is to 6. But,witbouttheaid of chemistry, 
we should here have remained satisfied ; combustion would 
appear to have been complete ; there would be no smoke, 
and no visible indication of an imperfect or unfinished pro- 
cess. Yet, chemistry tells ua, we have only disposed of 
the OTte eonatituent of the gas, namely, the carbon, and that 
the hydrogen, t/ie second constitmnt, remains yet to be ac- 
counted for, and converted to heating purposes.* 

It is true, the carbon waa, in weight, equal to six parts out 
of eight (the original weight of the gaa.) In bulk, however, 
it was but one fifth ; and when it is recollected, that, 
although the illutninatiiig properties of the carbon are 
superior to those of tho hydrogen, yet that the heating pro- 
perties of the hydrogen are far superior to those of the 
carbon, we can appreciate the loss sustained, should these 
4-6ths of the gas remain unconsuraed. 

To this may be added, tho probable injury done to the 
heating powers of the flame by the conversion of any part 
of this otherwise valuable hifdrogen into one of the moat 
destructive compounds which can be met with in the fur- 
nace or flues, namely, ammonia, composed of uuconsumed 
hydrogen and a portion of the nitrogeu liberated from the 
air. Thus we have a double motive for providing against 
the escape, unconsumed, of the hydrogen of the gas. 

What, then, is to be done ? Let ua complete this second 
process as we did the first : let us supply this hydrogen, this 
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rTemaining 80 per cent, in volume, of the gna, with its own 
proper equivalent of oxygen, as wo did in the caee of the 
carbon. 
But what is this second equivalent ! By the same laws 
of definite proportions we learn, that the saturating equiva- 
lent of an atom, or any other given quantity of hydrogen, is, 
not double the volume, as in the case of the carbon, but om- 
half its volume only — the product being aqueous vapour, that 
is, steam ; the relative weight? of the combining volumes 
being 1 of hydrogen to 8 of oxygen ; and the bulk, when 
combined, being two-thirds of the bulk of both taken toge- 
ther, as shown in the annexed figure 8.* 
We thus find, that to saturate the one volmne of carbon 
vapour, two volumes of oxygen are required; v/hereas to satu- 
' ProfeaBor Bnuide pnts thla bo clevir tbat I hers Etre hii onn worde :— 
"The simple tatio which the weigkla ut the combining elomenta beat to SMh 
otbei Involves aa oqiullr simple law ia reepeot to Domblniag aiames, vhere sDb- 
stonoes either eiint, or may be enpposeU to esist. In the state of gas oc vapoar. 
" Thu9, vator ma; be considered as s coiLpoand oC 1 atam of hydrot[en and 
latomofoijeen.UujreJatitB weights of which are to each otber as 1 to 8. Henoe 
the e^fiHiienf of tho atom of watci will be. 1 hydrogen + a oiygen - 9. Bnt 
oxygen and hydrogen exlet in the ftaaeoni state, and tho weight of equoi rolumei of 
UiDtie ganes <oi, in other words, their TelntlTe densities, or apecifie gravities) aie to 
each other as l to IS ; heneo 1 volume of hydrogen is combined wiUi 1 a volame of 
oxygen to form 1 volome of the vapour of nxiler, or jfcum .• for the specific gravity o( 
Bt«&m, compared with hydrogen, is as 1 to 0. Theanneied diagram, therefore, will 
represent the oombMng vy^ghii and oolumes of the elcmeats of water and of ita 
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rate the two volumes of hydrogen, one volume only of oxygen 

is required ; thus. 



FIRST CONSTITUENT. 

Oxygea. 
Fw. Atom. Wdght. 
Ji 1 Ji. 16 fonnlnff i 






Vm. Alorn. Wetghi. 
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aeld. ( ^ 
SECOND CONSTITUENT. 
Oiygen, 
rm. Atom. WeighU roL Atom. Weifflit. ft 
S 2 2 imlt« with 1 S 16 rormlag steam ^ 

Here we see, that, in the case of this Jirst constituent, as 
above, the ha^ volume of carbon and one volume of oxygen 
become condensed into one volume of carbonic acid (as shown 
in figure 7) ; and that, in the second constituent, the tvjo 
volumes (meaning double bulk) of hydrogen and on^ volume 
of oxygen become condensed into two volumes of steam (as 
shown in figure 8.) 

No facts in chemistry, therefore, can be more decidedly 
proved, than that one atom of hydrogen and one atom (rf 
oxygen {the former heing double the hulk of the latter) unite 
in the formation of water ; and, further, that one atom of 
carbon vapour and two atoms of oxygen {the latter heing 
douhle the hulk of tJte former) unito in the formation of 
carbonic acid gas. 

Thus, the ultimate fact of which we wero in search is, 
that the one condensed volume of the gas, as generated 

MM. Berzeltns et Dnlong oat foarnl pDui Bit compoaltlon des Qombrea qol sont 

OijRBne SS'BO 1 TOliune, oSjgaae. 

Hfdrogeae U'lO S Tolumea, hfiliaseDO. 

IWMW 1 folmne eon. 

Puml Us nombreDBes decouierles quo la sclcnca doit a M. Ouy Lusaac, on remST' 
quera toujunn la belle obscrrutioa eur la coiaposltloti do I'tmu, qui \e eondnlslt 
a, troUTor \Gis vrala rappotta des gaz et des Taponrs dana lenra oombinaLaon. DoB 
iipeiiences ties eiactBs, qa'U avait folto« oanjalntemeat uvoa M. do Hiimbolt, lui 
pnuTeicnt tpu I'om ttaitfoTmie fun tvluBieiSiK^aiae etde dcax volumes dc At/divg^iie, 
lesanal plainemeut ooafirmi depula par toiu) los phcttanitoea au I'eau Jone nc role 
■etif, et qui a'aocDids &Teo la campoittion tioDT^ par MM. BoneUiu et Dalong."— 
Damai. Vol. i., 33. 
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from the coal, requires two volumes, or double its bulk of 
oxygen^ that being the quantity required for the saturation 
of its constituents when separated, 

Now^ this is the entire alphabet of the combustion of the car- 
buretted hydrogen gas. 

Having thus ascertained the quantity of oxygen required 
for the saturation and combustion of the two constituents of 
coal gas, the only remaining point to be decided is, the qua/n- 
tity of air that will be required to supply this quantity of 
oxygen. 

This is easily ascertained, seeing that we know precisely 
the proportion which oxygen bears, in volume, to that of 
the air. For, as the oxygen is but one-fifth of the bulk of 
the air, five volumes of the latter will necessarily be required 
to produce (me of the former ; and, as we want two volumes 
of oxygen for each volume of the coal gas, it follows, that, 
to obtain those two volumes^ we muM provide ten volumes of air. 

Thus, then, by strict chemical proof, we have obtained 
these facts : — First, that each volume of coal gas requires 
two volumes of oxygen ; secondly, that to obtain these two 
volumes of oxygen we must employ eight atoms of air; 
thirdly, that these eight atoms of air are equal to ten 
volumes of the coal gas ; each volume of the latter, in fact, 
requiring ten volumes, or ten times its bulk of air : thus, 

Ten voImvms of air are the same as eight catoms ; 
Eight atoms of air produce four atoms of oxygen ; 
Four atoms of oxygen are equal to two volumes of the same ; and 
Two volumes of oxygen saturate one volume of the coal gas : 
Therefore, ten volumes of air are required for each one volume of 
this gas. 

We now see why ten volumes of air are required for each 
volume of gas, and why neither more nor less will satisfy the 
conditions of its combustion. For, if mor^, the excess, inde- 
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pendentl^ of the mischievouB chemical unioas it mimt enter 
into in the furnace, wouldbe the means of carrying away a» 
much heat as it would take up by its expanding faculty. 
And if fe«, a corresponding quantity of either hydrogen or 
carbon would be deficient of its supporter, and necessarily 
pass oif uncombined and unconaumed. 

The difficulty of keeping in mind these complex relations 
of the gases, with their relative volumes, number of atoms, 
and states of condensation and expansion, present great 
obstacles in the way of those who have not attended to the 
subject. To assist the unlearned in this matter and aid the 
memory, and with the view of bringing these facta under the 
eye in a condensed form, I have prepared the diagram or 
tabulated view, (No. 1,) of these several processes, and, espe- 
cially, of ike order in which they come into operation ; a 
circumstance which is wholly overlooked in practice, but on 
which, as I shall hereafter show, depends the ciccumetances 
of perfect or imperfect combustion. 

As the proportion of air required for the combustion of 
the hi-carhiirrelted hydrogen (olefiant gas) Is neceasarily larger 
than what is required for the carbureited hydrogen, I have 
also added a diagram of the former, (No. 2,) on the same plan, 
and showing the volume of air required for ita combustion. 

The only observation here necessary to make on the differ- 
ence between these two gases is, that, as this latter gas con- 
taina two atoms of carbon instead of mie, it follows that a 
proportionate additional quantity of oxygen will be required 
for thia additional atom of carbon. Hence, if oarburetted 
hydrogen requires two volumes of oxygen for combustion, 
the bi-carbu retted hydrogen will require three volumes. 
And ao of air: if ten volumes of air are required for 
the one gas, fifteen volumes arc, consequently, required for 
the other gas. This will be aeon by reference to the second 
diagram. 



I confljude thia part of the subject in the words of my 
talentad-and esteemed friend, Professor Brande, when treat- 
ing of the same matter. " My object here has been to divest 
the subject of all hj-pothetical difficulty, and to present it 
to the student aa involving a series of important practical 
applications, and as founded on the basis of experiment.'" 

It is also observed by that able practical chemist, Dr. 
Heid, of Edinburgh, inhiaEIements:— "Since the existence 
of cheiMstry, as a science, no principle is pointed out ao 
broadly-connected with the whole range of its investigations 
as the laws of combination in definite proportions. It em- 
braces not only some of the most brilliant discoveries, but 
also muiy of the most useful practical applications of the 
science,' and has enabled the accumulated mass of facts, which 
it now embraces, to be reduced to a comparatively stfsiemaiic 
law." 



OBSERVATIONS EXPLANATORY OF THE DIAGRAMS 
REPRESENTING THE COMBUSTION OF CARBURETTED 
AND BI-CARBURETTED HYDROGEN. 



Firat, of the carburetted hydrogen, diagram No. 1. 

The following observations will enable the reader more 
adequately to appreciate the effect of the several changes 
which occur during the complicated process of combustion 
of coal gas, as shown in this diagram. They will also assist 
him in recollecting the relations, aa to quantities, between 
the several bodies which unite during that process, and the 
compounds which such quantities relatively produce. 
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In the^r<^ column, to the left, are represented tUk elemen- 
tary constituents of a single atom (and, proportiona%, of any 
liyrger quantity) of the mixed gas, carhuretted hydNjjfm ; and 
below it, in the same column, those of four Viiowffi atmo- 
spheric air, which we shall see is the " eqmvalmC^yrecpiivQA. 
for its saturation and combustion. This column fAsents us 
with an aggregate o( fifiem separate atoms, thus : 

CoalG^ U:lZ**of^'S.o^r"'i ^othcon^ible. 

AtmosnheriG A* i ^ atoms of Oxygen : a supporter of combustion. 
A.iBio^nenc ait | g atoms of Nitrogen : neither combustHJB nor a sup- 

— porter of c< 

Total 15 atoms 

We see, (by this first column,) that the coal §m is com- 
pounded of two atoms of hydrogen arid one atompf carhon • 
vapour^ which, for brevity sake, may be called earfkn. This ^ 
elementary constitution of the gas should be kem in mind 
while examining the succeeding changes ; sin^ each of 7 
these three atoms, during combustion, will be fordid to take 
its own road, and form its own particular union an<|product.* 

The second column represents these constituent in their 
combined states of gas and air. r 

The third column represents the mixing or mv Iringing j 
together of the five compound atoms &om colmnnjtoo. 



* The explanation of the symbols employed (as given at the foot Qf the diagram) 
will show the relative size and weight of each simple or compound ^m— hydrogen 
being taken as unity for both purposes. These relative proportioiuTtoe in confer- r 
mity with what is laid down by the first British chemists of the Ay. Berzelius, 
and the continental chemists after him, have taken oxygen as unity.* The reasons 
stated by Mr. Brande, in his Manual of Chemistry, appear suffi«pntly strong in 4 
Cftvonr of the practice among British chemists. * ' \ 

In contriving these symbols, I have given to each a colour mostlpalogous to our 1 
conception of the bodies they represent, viz., carbon, black , as indidfiiting charcoal ; 
oxygen, red, the best representative of fire, of which it is the direct source ; nitrogen, t 
blue, as indicative of atmospheric air, of which it forms so large a fiortion as foor- 
flfths. Hydrogen I had at first represented green, ft-om its corresponding with the 
colour which is usually given to sea water, of which hydrogen forms jlie largest part. 
Green, however, being undistinguishable from blue by candle ligh^ I have substi- 
tuted broitn. 



1 



4 



f 
t 



I 

T 



1 



I 



56 



This jpbouliar kind of mixing, technically called " diffu- 
siorC^ ifllpfected by the influence of some hitherto unknown 
faculty "Aich is peculiar to all gaseous bodies ; as by it, and 
contrary^ the laws of gravity, those several atoms are 
brought ^thin their respective spheres or range of mutual 
chemioaAction. 

This Ariiiguity of atoms, therefore, is an essential prepara* 
tive. It is, in fact, the sine qua rum of subsequent union — 
each of the three atoms of the comhustihle being thus in a 
position Jbrourable for chemical action and union with its 
respectiiBquivalent of the " supporter''' whenever they shall 
be urgedjj^ such action by increased temperature. 

All bemg so arranged, this is the state of things and the 
time favoprable for ignition and combustion. On the neces- 
sary heatAeing applied, new changes take place throughout 
# the whoiH All the atoms become expanded ; their respec- 
« tive and illative forces of adhesion or attraction changed, 

Tand a ne^ arrangement takes place, as represented in the 
next coluaui. 

• Columjt/o«*r represents this new state of things, which is, 
^ in fact, iSit^first process or stage of actual condmstian; and 

♦ which is Inected by the decomposition^ the breaking up^ or 
separation mf the elementary constitutents, both of the gas 
and the afir, and bringing them to the state exhibited in 
column oMk By this separation, each is enabled to enter 
into new Engagements, and attach itself to such portion or 
portions of the supporter — the oxygen^ as its peculiar nature 
and force of afiinity qualify it to adopt. 

Here w^ perceive, (column 4,) that the relative quanti- 
ties of gas and air are in exact saturating proportions : each 
. of the three atoms of the combustihU taking its proper place, 
. on being supplied with its due proportion of the supporter ^ 
jk preparatory to that chemical union and condensation by 

4 
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which the new classes of bodies — ^the products of their com- 
bustion are produced ; the mcomhustihle nitrogen alone 
remaining unattached. 

Column five represents the results or products of these 
unions, namely, one atom of carbonic acid from the com- 
bustion of the one atom of carbon ; and two atoms of aqueous 
vapour, or steam, from the combustion of the two atoms of 
hydrogen ; the great mass of nitrogen (eight atoms) passing 
away uncombined. 

In observing this curious arrangement by which the satu- 
ration of all the combustible atoms is effected, we perceive, 
that the three atoms of the combustible are apportioned 
among /Jw^r of the supporter. This, we see, is the result of 
the one atom of carbon requiring two of the supporter, 
while the two of hydrogen are satisfied with one each. 

Now, in this arrangement, no excess or deficiency appears 
among the useful— \hQ heat-producing ingredients. Could 
we have dispensed with, or avoided the presence of, such an 
excess of nitrogen^ (which is neither a combustible nor a 
supporter of combustion, but, on the contrary, a mischievous 
intruder,) the several unions would have been less embar- 
rassed — their combustion more rapid and complete — and the 
intensity of their action much increased. That, however, 
was impossible, the presence of so large a quantity of nitro- 
gen being the unavoidable condition of obtaining the oxygen 
through the instrumentality of atmospheric air. 

It is here to be observed, that the process of combustion, 
as thus described, is the most perfect that could be produced 
either in a furnace or a lamp : any deviation, therefore, by 
means of excess or deficiency, or from any interruption or 
interference, such as the interposition of another gas, 
must be more or less destructive of the desired effect, 
namely, the generation of the greatest quantity of available 
heat. 



The first impression, on looking at this diagram, is that 
caused by the preponderating quantity of the colour, blue, 
representing the useless nitrogen. Hence we see the danger 
of forcing it into union with either of the combustibles. On 
this head we need have no apprehension, if the necessary 
quantity of air be sullied, and the preparatory mixture, or 
diffusion, he duly effected ; hoth of which are equally estential 
to entire amthuetion. If these conditions be complied with, 
the stronger affinity which carbon and hyilrogen have for 
oxygen, will always secure to the latter a preference. 

But, let ua suppose the case of a deficiency of air by the 
supply being short of what chemistry has shown is the 
saturating quantity. In that case, should any portion either 
of carbon or hydrogen, from the want of oxygen, combine 
with nitrogen, (which, we see, must always be in excess,) 
we should only be exchanging a valuable Jteat-gimng union, 
for an injurious heat-aheorbing one : carbon forming cyanogen, 
and hydrogen forming ammonia, by their unions with the 
disengaged nitrogen. 

The next impression which an inspection of the diagram 
produces is, that it presents to our view the exact proportions 
of air and oxygen required. This is strikingly exhibited in 
column four, where we see each atom of the combustibles and 
the supporter has its precise duty alloted to it, and that 
if, on the one hand, there were any deficiency of oxygen, one 
or other of the atoms of the combustible heiiig left without 
a supporter, must necessarily pass away uncombinod and 
uncoRsumed ; so, on the other hand, if there were any excess, 
it could be of no service as a heat-giving body, from the want 
of a cotalustihle with which to unite ; but would become 
positively injurious by its cooling influence and the quantity 
of latent heat it would carry out of the furnace. 

In observing column three, we cannot avoid being struck 
with the disproportion between the largeness of the required 
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volume of air comparatively with the snuillness of the volume 
oi gas with which it is to unite and be consumed. This also 
suggests the difficulty of introducing so large a mass of air 
to the gas^ without the risk of injuriously reducing its tem- 
perature below the point of accension, or kindling. This, in 
fact, is the main difficulty which we encounter when burning 
coal on the large scale in the furnace. 

We see, however, that neither more nor less^ even to that 
of a single atom, can satisfy the condition of entire combm- 
tion of the gaseous portion alone of the coal ; and that it is 
only suffering ourselves to be deceived by appearances, if, 
from the absence of any visible black smoke, we imagine 
we have effected entire combustion, while any deficiency 
exists in the supply of air. 

To this may be added a diagram, after the mode adopted 
by Professor Brande and others, and which so clearly indi- 
cates the relative weights of the atoms employed both 
before and after combustion. 

Before combustion. Elementary mixture. Products of combustion. 

Weight, 

22 Carbonic acid. 

9 Steam. 

9 Steam. 



Weight. 

8 Carburetted 
Hydrogen. 



144 Atmospheric 
Air. 



Atoms, 
1 Carbon ... 

1 Hydrogen 

1 Hydrogen 

1 Oxygen ... 

I Oxygen ... 

1 Oxygen ... 

1 Oxygen ... 
8 Nitrogen 




152 



152 



112 Uncombined 
— Nitrogen. 
152 



Secondly, of the bi-carhuretted hydrogen, or olefiant gas, 
diagram No. 2. 

The preceding observations are all equally applicable to 
the diagram representing the combustion of this gas, bi- 
carburetted hydrogen, a portion of which is always found to 
exist in ordinary coal gas. 
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In this diagram the preponderating quantity of nitrogen 
(blue) is still more apparent, inasmuch as the quantity of 
air required for the combustion of hircarhuretted hydrogen is 
fiftem times the volume of the gas to be consumed, instead 
of tm^ as in the combustion of earhwretted hydrogen ; the 
whole of the difference between these two species of inflam- 
mable gas arising out of the addition of a single atom or 
proportion of carbon^ as will be seen by an inspection of the 
first column in both diagrams. 

In the first column are given the elementary constituents 
of an atom of this gas and six atoms of air, that being the 
equivalent required for its saturation and combustion. In 
the former diagram we had an aggregate of 15 atoms : in 
this we have 22 atoms : namely, 

1 atomof thegas j ^at^-j/^^bon^;aP«-}bothcomb«stib^ 

6 atoms of oxygen the supporter of com- 
bustion. 

12 atoms of nitrogen neither combustible nor 

supporter of combustion. 

22 

To this may also be added a diagram corresponding with 
that of the carburetted hydrogen : thus, 

Before combustion. Mementary mixture. Products of combustion. 



6 atoms of air 



Weight, Atoms, 

14 Bi-carburetted 
Hydrogen. 



Weight, 



216 Atmospheric 
Air. 



330 



1 Carbon ... 
1 Carbon ... 
1 Hydrogen 
1 Hydrogen 
1 Oxygen ... 
1 Oxygen ... 
I Oxygen ... 
1 Oxygen ... 
1 Oxygen... 
1 Oxygen ... 
tl2Nitrogen...l68 

230 




Weight. 
22 Carbonic acid. 

22 Carbonic acid. 

9 Steam. 

9 Steam. 



168 Uncombined 

Nitrogen. 

230 



SECTION IV. 



OF THE QUANTITY OF AIR REQUIRED FOR 
THE COMBUSTION OF CARBON AFTER THE 
GAS HAS BEEN GENERATED. 



Having disposed of the question of .quantity, as regards 
the supply of air required for the saturation and combustion 
of the bituminous, or gaseous portion of coal, we have now 
to answer a corresponding question, with reference to the 
carbonaceous part resting in a solid form on the bars of the 
furnace, and assuming a red, glowing appearance, after the 
gaseous matter has been evolved. 

We have seen, that, in the formation of the carburetted 
hydrogen, a considerable portion of the carbonaceous con- 
stituent of coal has been separated and carried away by the 
hydrogen in the gaseom form^ forming the carburetted 
hydrogen : the remainder of such carbonaceous matter is 
what we have now to deal with ; the diflFerence, as regards 
combustion, between these two portions of carbon being so 
important as to demand a special notice. 

On the gases being expelled from coal, in the retorts of 
gas-making establishments, the solid portion which remains 
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is called coke. With reference, however, to its condition in 
the furnace^ (and in which condition we are now considering 
its union with oxygen,) I know not what to call it; 
no distinctive term having been applied to it. This can 
only be accounted for by the fact, that this natural, indis- 
pensable division of the process of the combustion of coals 
in the furnace has not been sufficiently identified or de- 
scribed by scientific men. 

Now, what is this substance for which a distinctive name 
would be desirable, as well for the sake of perspicuity as 
brevity, when speaking of its properties and the peculiarities 
with which it enters into combustion ? It is not coal, nor 
coke, nor cinders, nor carbon ; yet it partakes of many of 
the properties of each, although it diflFers from them all. 

That for which I am desirous of having a distinctive ap- 
pellation is the portion of the carbonaceous constituent of 
the coal which remains on the bars of a furnace after the 
coal has given off its volatilizable part, and while it retains 
its red, glowing, or incandescent character, and is ready to 
enter into combustion. 

This solid matter, which, in the absence of a more precise 
term, I will call carbon^ as involving its leading characteris- 
tic, is stated, by chemists, to be susceptible of uniting with 
oxygen in three proportions, by which three distinct bodies 
are formed, possessing distinct chemical properties. 

This peculiarity^of the unions of carbon with oxygen is 
wholly unattended to in practice : yet we shall see how 
essential it is in considering the quantity of air to be intro- 
duced to a furnace. 

These three proportions, in which carbon unites with 
oxygen, form, first, carbonic acid ; second, carbonic oxide ; 
and, third, carbonous acid (or oxalic acid.) With the first 
and second only we have to deal in the fmmace^ and I will, 
therefore, confine my observations to them. 
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In the first, the carbon unites with two vohimes of oxygen, 
forming carbonic acid; and, in the second, with one volume, 
forming carbonic oxide. The difference between these two 
formations is pecuHarly important to our present subject. 

With respect to the first, and the quantity of air required 
for its formation, this may be said to have been already 
disposed of when treating of the carbonaceous constituent of 
theffos. It ia true, tJiat constituent of coal was in a gateoiis 
state, whereaa what we have now to treat of is in a solid 
state ; as regards the quantity of air, however, this creates 
no difference, as the latter must still undergo the process of 
vaporization in the act of combustion, for it ie only in the 
state of vapour that it unites with oxygen and that we can 
estimate its equivalent of air.* 

Whatever weight of Bolid carbon, therefore, produces a 
given quantity of gaseous carbon, in carburetted hydrogen, 
(estimated by the quantity of oxygen it requires to form 
carbonic acid,) must, necessarily, do the same in the case of 
the solid carbon on the bars, of which we are now speak- 
ing. Two volumes of oxygen (or five volumes of air) are, 
therefore, the saturating equivalent of each volume of 
carbon vapour, as already shown ; whether such carbon 
has been vapourizod among tlie constituents of the gas, or 
tUrectly from the solid carbon on the bara. 

Were carbonic acid the only product of the combustion of 
the carbon of the coals in the furnace, no more would here 
have to be said ; but there is the other state in which we 
find carbon uniting and passing away with oxygen, and 
which gives rise to considerations of the utmost importance 
in this branch of the inquiry. This other state is that of 
carbonic oxide, the formation of which, in the furnace, is 

' " Corlion luunevvr. in UseleiacnUryiitiLtc, been ralsal In Tapnur^ bnt. nefer- 
thrlisa, in such ol its cumpounds u miiuine the ganKtus atate, iu GonBtltuent pu- 
ticloB must luYD a giMUuna iixnDBemKvA."^DiinieU:i Chcmieai PkOasaiiliy. 
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wholly unheeded in practice, although its influence on the 
quantity of heat obtained is very considerable. 

Carbonic acid, we have seen, is a compound of one atom 
of carbon with two atoms of oxygen ; while carbonic oxide 
is composed of the same quantity of carbon with but hal/tiie 
above quantity of oxygen, as in the annexed figure : 

Fig. 11. 





Here we see, that carbonic oxide, though containing but 
one-half the quantity of oxygen, is yet of the same bulk or 
volume as carbonic acid, a circumstance of considerable 
importance on the mere question of draught, as will be 
hereafter shown. 

The quantity of oxygen thus required to form carbonic 
oxide, being but one-half what has been shown as its sattt- 
rating equivalent, as we see in carbonic acid, the conse- 
quence is, that this carbonic oxide becomes a comhusti&Ie, 
rather than aproduct of €<m.hustiim, and which is the fact. 

If, then, we require the full measure of heat from the 
combustion of carbonic oxide, we have no alternative but to 
fill up the measure of oxygen, by providing, and uniting 
with it, the other half, so that the pi-oduct shall be carbonic 
acid. If this be not effected, it is clear the carbon is but 
half burned, for it has united with but half the quantity of 
oxygen which is essential to full combustion. 




Now, this combuatiou of the oxiile, by its conversion into 
the acid, is as iHstinct au operation as the combustion of 
the carhuretted hydrogen, or any other combustible, and 
demands all the preparatory conditions in the furnace 
that the latter does ; namely, providing it with a due 
supply of oxygen, in due mixture, temperature, &c., yet 
all this is wholly overlooked in practice in the operations 
carried on in the furnace. 

But the most important view of the question, and one 
which is little known to practitioners outside the laboratory, 
is aa regards the formation of this carbonic oxide : why it 
exists in the furnace ? what brought it there t and how is 
this combustible generated from an incombustible ? And 
this is the part of the inquiry which moat requires our 
attention. 

The first and direct effect of the combustion of carbon 
and oxygen is the formation of carbonic acid, by their 
union in saturating proportions; namely, two atoms, or 
volumes, of oxygen with one of carbon vapour. If, however, 
by any means, we abstract one of its portions of oxygm, 
the remaining proportions would then he those of carbonic 
onAde. But this we cannot effect in the furnace. It is 
equally clear, however, that if we add a second portion 
of carbon to carbonic acid, we shall arrive at the same result, 
namely, the having carbon and oxygon combined in equal 
proportions, as we see in carbonic oxide. Now, this is, iu 
fact, what takes place in the furnace, and this is the mode 
in which this combustiile is formed — thus : 
Fig. 12. 





By the addition, then, of a tecand proportion of carbon to 
the above, two volumes of carbonic oxide will be formed — 
thus: 

Fig. 13. 




Here wo see the addition of one atom of carbon has 
had the effect of doviling the bulk of the resulting com- 
pound by the formation of two volumes of carbonic oxide, 
for, as already obaerved, the bulk of carbonic oxide is the 
same an that of carbonic acid. 

Now, if these two volumes of carbonic oxide, once formed 
in the furnace, cannot find the portion of oxygen required 
to complete their miuratiiig equivalent, they pass away 
necessarily but half consumed, a circumstance which is con- 
stantly taking place in all furnaces where the air has to 
pass through a large body of incandescent carbonaceous 
matter, 

This, also, frequently leads to a fatal error in what is 
called the " combustion of smoke" : for if, after the separation 
of the carbonaceous constituent of coal, and while yet at a 
high temperature, it encounters carbonic acid, this latter, 
taking up an additional portion of carbon, is converted into 
carbonic oxide, as shown in the last example, and again 
becomes a gaseous and invisible combustible. Thus, in- 
stead of being " burned", as is the ordinary phrase, it has 
merely changed its form and appearance. 

The most prevailing operation of the furnace, however, 
and by which the largest quantity of carbon is lost in the 
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shape of carbonic oxide, is thus : — The air, on entering from 
the ashpit, gives out its oxygen to the glowing carbon on the 
bare, and generates much heat in the formation of carbonic 
acid. This acid, necessarily at a very high temperature, 
passing upwards through the body of incandescent, solid 
matter, takes up an additional portion of the carbon, and 
becomes carbonic oxide. In this state it is eqiuilly a 
claimant on the admitted air, as well as the coal-gas, for 
its equivalent of oxygen ; and, in default of which, one op 
both paea away, as before mentioned, uncombined and 
unconanmed.* 

Thus, by the conversion of one volume of acid into two 
volumes of oxide, heat is actually absorbed, while we also lose 
the portion of carbon taken up during such conversion, and 
are deceived by imagining we have " burned the mioie.'''' 

The formation of this compound, carbonic oxide, being 
thus attended by circumstances of a curious and involved 
nature, is, probably, the cause of the prevailing ignorance of 
its properties among unscientiEc men and their inattention 
to its effect's. For, while we find, in every mouth, the term 
carbonic acid, as the product of combustion, we hear little of 
earbimic oxide, one of the moat waste-inducing compounds 
of the furnace, unless provided with its equivalent volume 
of air, by which its combustion vrill be effected. 

Under any circumstances, then, by reason of the pro- 
portion of carbon to oxygen in the oxide not being the 
saturating one, we have not the full measure of heat from 
their union. It is, in fact, a defective union of carbon 



* •' Carbonic uiiile may bo ubtiuned bf truumittiag curboaic acid uvcr red-hot 
bfagneata of duvooa! coatninGd In un Irun at porceUin tube, tt In uaeily kindled : 
oombinua wltb liatf its Tolumu ofoxy^n, forming carbonic acid, wlilnh ret&ioB the 
original vulume of the dtrbonle oxide. The cutnbiutionk often nltntmit-d in a coke 
or chvconl Stc. Thu cuboolc acid produced in tho lower part of the Ore it coa- 
Tertad into earbuDlo oxide tx it puaes ap tbiongh the red-hot embers."— OnrAam') 
Elrmm<s''fClKnii!lry. 
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and oxygen, as regarda combuBtibillty, and our object should 
bo to prevent its formation.* 

Whatever tends to bring carbon, while at a high tem- 
perature, into contact with carbonic acid, tends to the for- 
mation of carbonic oxide and the reconversion of an incom- 
bustible into a combustible gas, at the expense of the portion 
of carbon which we boo is the element of ita conversion, and 
which becomes Aprotanto loss, unless subsequently supplied 
with an additional volume of oxygen whereby to effect its 
reconversion and combustion ; but which, under the irregu- 
lar conditions of a furnace, can scarcely be expected. 

Another important peculiarity of this gas (carbonic oxide) 
is, that, by reason of its already poesesaing oThe-Jtalf \ia equi- 
valent of oxygen, it inflames at a lower temperature than 
the ordinary coal-gaB ; the consequence of which is, that the 
latter, on passing into the flues, is often cooled down below 
the temperature of accension; while i\\o fonner {a sufficiently 
heated, even after liaving reached the top of the chimney, 
and is there ignited on meeting the air. This is the cause 
of the red flame which we see at the tops of chimneys and 
the funnels of steam-vessels. 

We may thus set it down as a certainty, that, if the 
carbon, either of the gas or of the solid mass on the bars, 
passes away in union with oxygen, in any other form or pro- 
portion than that of carbonic acid, a commensurate loss of 
heating eflect is the result. 
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* " Among tliii etoTe-doctors of the preneat Saj. non« are more dun^roaa tbiui 
thoae who, oa pretanw of ecDnom)' imd convenience, rvcomniend to keep ft turge 
body at DOka bnnilng Jttonly, vdtli a slow circulation of air. An acqaalDtance wlUi 
ohemlcBl soienoe would tench them, that. In the obncuro combostlon of cuke or 
ehiircoa]. much ou-booie oxide In f^neroUd, and mucli fuel consumed, with the 
prodDCtlonof little henti wd phfgical science would teuh them, thnt, when the 
ehlmner draught is languid, the burned &If In apt to regurgitate through emj 
■earn or ereTlco, with tho imminent riak of cnaaing uphyiia, or death to the 
Inmatoa of aparttnenlB bo prepotleroiialy heated."— Dr. Vre'i Piipey on l-'riUllaliiiff 
nw( HndUig Apeiiimfnlt. rrad Jtfnrr Ihr Roj/nl Soriel!/, \t,lk Jnne. 1836. 
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Hence, we see how the peculiar influence which carbonic 
oxide exercises, in its formation and combustion, justifies the 
observation of Ohevreul, in his " Lemons de Chimie"*', that 
'^ la connoisscmce de ses propriSUs est indispensable pour him 
coTmoitre le carbon^ And here we are let into the secret of 
those deceptive results which have led so many patentees 
astray, who, under the idea of "burning the smoke^\ 
have exercised their ingenuity in the mere production of 
carbonic oxide ; and, because no black smoke was visible at 
the chimney shaft, deceived themselves and others under 
the impression that it had been consumed. Here, also, we 
see how essential is chemical investigation ; for how should 
we be enabled to form any other conclusion, on perceiving 
the absence of smoke, than that it was absolutely burned, 
and a proportionably increased quantity of heat generated ; 
instead of the fact, which chemistry alone could teach us, 
that not carbonic acid, but carbonic oxide was formed — ^heat 
absorbed — and a valuable portion of the carbon irretrievably 
lost? 



SECTION V. 



OF THE QUALITY OF THE AIR ADMITTED 

TO A FURNACE. 



When we speak of mixing a given quantity of oxygen 
with a given quantity of coal gas, we do so because we 
know that such quantity of the former is required to satu- 
rate the latter ; and that, by such saturation, every atom of 
loth gases enters into union, without excess or deficiency of 
either, producing entire, complete combustion. 

So when we speak of mixing a given volume of atmo- 
spheric air with a given volume of coal-gas, we do so for the 
same purpose, knowing that such precise quantity of air will 
provide the required quantity of oxygen. 

Thus, if we know that two cubic feet of oxygen are the 
exact saturating equivalent, or combining volume, for effect- 
ing the entire combustion of one cubic foot of coal-gas, we 
know that ten cubic feet of atmospheric air will effect the 
same purpose, because ten cubic feet of air contain the 
required two cubic feet of oxygen. 




It is muuFest- tberelbre, that, wlirti vre ilirert mit pwn 
portion of air to be emplojed, we do so on the presiimptioaf 
tlut it oontains its dae complement of os\'gen, and that Jt 
is, in Gwrt, pure^ unadulterated atiuospherio atr. 

IT, however, by any circumstance, accidental or otherwise, 
the air we employ has either lost any portion of its oxii'gen, 
or is mixed with any other gae or matter, it no longer bears 
the character of pore atmospheric air. and is no longer 
capable of producing the same effect. It is, in fact, net &U 
Min<7 tre directed to be etiiployed, and cannot satisfy the con- 
dition as to quantittf of ojype», which was essential to our 
purpose. For it must be borne in mind, that, in all che- 
mical processes, (of which combustion is one,) an excess or 
deficiency of any of the bodies to be employed is not to bo 
treated as a matter of indifference, but that, in a greater or 
lesser degree, will it mar the precise results expected. 

So in the case under consideration. 

We require ten cubic feet of air to supply ttro cubic foet 
of oxygen to effect the combustion of one cubic foot of coal 
gas ; but, if this quantity of air does not contain this 20 per 
cent., or l-5th of oxygen, it is manifest we cannot obtain 
it. The air, iu this case, may bo said to bo vitiated op 
deteriorated ; aud in this sense the quality of the air we 
employ is entitled to serious consideration. 

The question, then, of complete, entire combustion is one 
mainly dependant on the quantity of oxygen to bo obtained 
from any given volume of air. Hence, the necessary inquiry 
into the purity or quality of the air we eniiiloy, and 
whether it contains its due l-5th of oxygon. For, if the 
oxygeu be not in the air, how can it otherwise bo obtained t 
How can we effect a union with a thing which is not ! 

Let us now inquire how far the ordinary mode of con- 
structing and managing our furnaces enables us to satisfy 
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this coadition, namely, the providing pure, undeterior(Ue<i, 

tmmtiated air both to the eolid, carhonaceous portion of the 
coal on the bars, and the gaseous portion in the body of the 
furnace. 

In ordinary practice, the supply of air to the furnace is by 
means of the ashpit ,■ and, with the view of giving enough, 
the ashpit entrance is directed to be made birge, it being 
ueoally the full breadth of the furnace, and of a depth from 
3 to 5 feat. This enlarged size is given under the mistaken 
notion, that the more air we give, the better will be the 
draught — the more complete the combustion — and the 
greater the quantity of heat produced,* 

In this case we see the introduction of atr is oonaidered 
tantamount to the introduction of ox^gm; and it might, 
with safety, be so considered, if there were but one descrip- 
tion of combustible to be used. But here lies the main 
point. We have two distinct kinds, and in two distinct 
states and places ; each requiring a distinct management, 
and a specific quantity of air, to efiect its separate process of 
combustion. These two processes are, as already described, 
first, the combustion of the gas generated in the body of the 
furnace, and passing off by the flues ; and, second, the com- 
bustion of the golid carhm resting on the bars. 

Tredgold, and most others ai'ter him, overlooking those 
distinctive features in the processes which coal undergoes in 
its progress towards combustion, gives preposterous directions 
as to the introduction of air. He says, "The opening to admit 
air (the ashpit) should be sufficiently large for producing the 
greatest quantity of steam that can be required, but not 

• " A qoaatity uf air," says Tredgola, " raiflciBat to supply osygon tur combus- 
tioa.maiiX.'bii'ieatfreeacaKaspoisaietBiiliparlaoflliehanitiigniiiaf"; andtlieuho 
comes ts the conclusion. " But abanilaiice of airwili pass the grate if It be proper); 
eDiutmct«d, and the modlflcation I nouldrecoannendiB described in plate eeeond." 
On eiaminlng tliia pIsM I End it has no proristoB whaterer for the introdDetlon af 
alt beyond the ordinary plan td a iarge open ailipU. Nothing; can be farther from x 
flouna. jiidicioiiB pliin sf introducing air than those "pratiieal rults" of Tredgold, 




larger." Here we find the " quarUiti/ of steam" actually 
COnBidered as dependant oa the area of "the i 
admit air'^ to tbe asLpit, tbaD wliich nothing can be i 
incorrect. In showing the importance of a " free accMs of 
air to every part of the /uer, he observes, that " the area of 
the spaces between ike bars should clearly be greater than the 
area of the place that admits air to t/m^^re", atill overlooking 
the distinction between the combustion of the gas at the 
bridge and the carbon on the bars, with the peculiar and 
distinct conditions under which these two separate processes 
are to be carried on. 

Here we have this high authority, whose boolts are in 
every one's hands, and received as standards, insisting on a 
large ashpit, free access of the air to the fwl on the bars, 
(without any allusion to the gaseous products,) and an 
ample allowance of space between the bars for the admission 
of air, and on tlie assumed principle, that such space is to 
regulate the quantity of steam obtained. All of this is 
Utterly at variance with chemical propriety, and the reverse 
of what judicious management would require. 

That Tredgold did not consider tliis point as one of trivial 
importance is manifest from the introductory paragraph to 
his chapter on " fire-places'",* and I do not quote him for 
the purpose of any contrast between a correct view of the 
" operation of burning" and that which he e.\hibits, but to 
show, that, if such a man could bo palpably overlook the 
chemical essentials in the combustion of the two separate 



* " In the cgtutrustion of Src-pliMiea tot b 
combine story thine "hicb is llkel]' to wld to tbc ofFect ot fuel, luid to avoid ever; 
thing which tonils to dirolniab It. as far «a possible. Now, without some tnowledKO 
of the nature of the operation of bumlDg, it ' 
thinjE good ejse*^ bj^ inera iKj^idrai. Wa ahonld be liba scaio 
at tea vithoat a conipjuii, with A« little chtmce of Ateering U 
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conatituents of coal, it cnnnot be a matter of Burpriae that 
uieclianiuH, who Lave been taught to follow iu liH titeps and 
adopt bla laws, should have made so little advance in per- 
fecting our H/atein of fumacea. 

I have aUuded to Tredgolda directions with the view trf" 
pointing attention to that which has hitherto been so 
neglected, namely, the two diutinct operations of eupplving 
air to the ^degenerated in the upper part of the furnace, 
and to the solid carbtni resting on the bare ; and, also, to the 
injury caused by compelling the lekole sitpply to pass 
through the ashpit, and through such solid carbon ; by which 
not only a deficiency of oxygen is occasioned in the air 
intended for burning the gas, but an undue and injurious 
urging of tlm combustion of the carbonaceous matter, and 
the cousetjuent melting of the bars and destruction of the 
fumace-plates of marine boilers.' 

Indeed, all that seems to be concluded in practice is, 
that oxygen is essential to combustion; — that providing 
a sufficiency of air is providing a sufficiency of ory^^n ;— and 
that, if air be admitted to "thefueF'', it will do its duty and 
work out the process of combustion satisfactorily, in its own 
way. Hence the great neglect of the chemical conditions of 
combustion, and the many errors [ind absurdities of the 
present practice. 

For can there be a more absurd piiictice than is involved 
in this single position, namely, that while a given quantity 
of pure air is rui^uired for the combustion of the coal-gas 
generated in the furnace, we compel that air, iu the first 

•"To misiHiMl in DiHi^uiulDgtUeouiubiiatlble gases.- abeiTVo Tredgold, "It la 
nnaunrr Chat tboy mix wilti air thib liaa bijcume hat, by passliiK IItroni/h, ortr, or 
amoni/ Uigjiicl rv/ijcA hui (vond to iina/a: ibe nuribi uf tbe puteut dI Mr. Wntt. 
dstvd 17 W. - 

In ptinolpLe, The inerttable reault of Chla dpsratiou would be, Brst, the depriilng 
the itJi, more or leu. of Ita oxygoa : Had. lot'onil. b; uriiiiii: ttiiv iocreWKl quiLntfCj 




instanco, to pasa through the bars and body of solid incan- 
descent combustible matter resting upon them, by which it i* 
necessarily deteriorated in qualitp from the loss of much, if 
not the whole, of that oxygen for which alone the air is 
employed, and stiil e\pect perfect, full combustion of the 
gaseous matter, contrary to all chemical experience, from 
such vitiated air.* 

In illustration of this, let us suppose, that 100 represents 
the quantity of air required per minute for the perfect com- 
bustion of the gaseous products at the bridge ; and that 200 
represents the quantity required for the use of the carbon on 
the bars. Let us farther suppose, that, instead of sending 
each of those quantities separatelf/ to perform its respective 
duty, by giving up its constituent oxygen to its proper 
combustible, (and for which express duty it was employed,) 
we sent the entire of both quantities, say 300, through such 
burning mass of solid carbon ; can we doubt that the re- 
sult would be, first, the impelling this latter to an increased 
and undue action ; and, secondly, the vitiating the air in- 
tended for the gaseous combustibles, by depriving it of its 
due proportion of oxygen. 

For what is this increased action of the carbon on the 
bars but increased combustion I and what is this but an 
increased absorption of oxygen, the very oxygen which had 

• Mr. PiukM hM ilearly pointed out the InjOfy cnased bj allowing the air to be 
thna " vitiated.'- He oburres. ■' 1 l^qnentt; fonnd thee 
Bdmlaaloa of tbe air, iind obseTred tbe preeaiue of ateam to fall In cooseqne: 
wai perplexed, but the itaily of Dary. at lensth. fniulBhed me Hltb tbe c 
exIHcstingmyBelrrrom the labjrintb. I perceived that the eondltlone upon 

a depended nere not fulfilled, uid that Callare was onavoldable: that the atr 
muM be given dtrrclly to the itniHjtamedffati iffu^reat It had frec^itwltiaied by pawinff 
mvrthe lufiafn^ fwi." — TrnnstteHanf 0/ Ci 

Tbb l9 the main «nse of tbe all being vitiated ; jet, an I shall ahnndantl; ahon 
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Iwen intended for a lUffereiit purpose! This cannot be 
denied, neither will it, tbat the direct result is to deteriorate 
the gualitif of the 100 meaaures of air thua sent by an im- 
proper route to the gaseous constituent of the coal. 

Let us suppose another case, one of laboratory practice ; 
that of aacertaining the largest quantity of carbonic acid 
and water that could be produced from any given quantity 
of coal-gas and air, for tbia is, in fact, what we desire to 
effect in the furnace. 

After adjusting our apparatus, and measuring the propor- 
tions of gaa to bo operated on, and air to be mixed with it, 
suppose we should discover that the latter, instead of being 
pure atmospheric air, had been the product of some previous 
experiment or operation, in which it had been mixed with 
ignited carbon. What would the verieat tyro of the labora- 
tory say? Would ho not reject the whole as unsatisfac- 
tory, and begin again, requiring the air to be brought from 
an unvitiated source ? 

Yet, this is our daily practice. We bring air to the 
gases which has already been employed in a separate and 
even destructive process, and yet expect the result to be 
satisfactory and the combustion complete. And when we 
find, instead of producing carbonic acid and water, that we 
have produced a large volume of smoX:0 — of nnconsumed com- 
bustible matter — we then sot about inventing a process by 
which this sjnoie is to he consumed, and the evil we had 
ourselves produced corrected ! 

From what haa been said, we perceive that the question 
of quality depends on keeping the supply of air intended for 
the use of the gas distinct from that which is intended for 
the use of the carbon on the bars, and allowing each to do 
its duty without the risk of interference from the other, 
either as to quantity or the abstraction of its oxygen. 




SECTION VI. 



OF THE INCORPORATION OF AIB AND 
COAL-GAS, AND THE TIME REQUIRED FOR 
EFFECTING THE SAME. 



Havino disposed of the questions regarding the qim/ntity 
and quality of the air to be admitted to given quantities of 
coal-gas, our next consideration ia, the effecting such a mix- 
ture of those relative quantities (preparatory to their chemi- 
cal union) as is required by their respective natures for ef- 
fective combustion. 

We have seen, that the qutmtili/ of air admitted to a fur- 
nace, whether plus or ?niniis what ia rigidly due to chemical 
union, exercises a proportional influence on the quantity of the 
combustible which may be rendered available : we have now 
to consider that which will be found to exercise a still greater 
influence, namely, the degree of incorporation which ( 
be effected between the bodies to be mixed and the time re- 
quired for effecting it. 

Now, this joint question, as to time and degree, ia even 
more important than the previous one of quantity^ inasmuch 
as the latter involves merely the amount of capability afford- 
ed to the combustible ; whereas, the former involves the 
more comprehensive one, — whether such quantity, or, indeed, 
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any (luantity, can be made available or not : for where will 
be the uae of allowing air to enter the furnace if it be not 
employed ? 

The positions which I propose illustrating in this section 
are, first, that the character and efficiency of the combustion 
will depend chiefly on the degree of incorporation we are 
enabled to produce between the gaa and the air : secondly, 
that this question of degree depends on that of time, — prac- 
ticahle, available time v and, thirdly, that want of time, for this 
special purpose, is the great evil of the furnace. 

In considering thia most important branch of the subject, 
books furnish me with no direct information. Thia may be 
traced to the circumstance, thiit, in the lahoratorif, from 
which all our experimental illustrations come, tJie want of 
time, in the view here referred to, has not been felt aa an in- 
jury or even inconvenience : and when we conaiderthe com- 
paratively small scale of laboratory operations, it will not ap- 
pear remarkable, that the question of tittie has not had a 
more special notice. We do indeed find, in inatructioua to 
beginners, sufficiently strong and pertinent cautions to have 
the bodies intended for chemical union " wdl incorporated"^ 
and " thoroughly mixed'"'' ; and such like hinta towards mani- 
pulatory perfection ; but what thia thorough incorporation 
means, or what it is precisely to effect, has not been suffi- 
ciently explained. 

As hints of thia kind do not appear to have been attended 
to by practitioners on a large scale, though considered essen- 
tial by experimentors on the small one, it is advisable to show 
how that which has not demanded a more special notice in 
laboratory operations is, nevertheless, a most important cir- 
cumstance in those of the furnace ; and that the impossibi- 
lity of effecting that perfect combustion on the large scale, 
which every chemist is able to effect on the small scale, is 
mainly attributable to this hitherto neglected feature, — the 




iiKtni of that time which nature requires in what may ba 

i;urrectly termed her own maQipulationB, and in working out 
her ov™ purposes, 

I am aware, that this is taking a new view of the cause of 
imperfect combustion ; but I am urging no new principle, 
I am but following nature through her several stages and 
processes, and examining each with a I'iew towards render- 
ing the arrangements of onr furnaces ancillary to such 
proceBfies. 

It Beems taken fur granted, iu practice ou the large scale, 
that, if air, by any ineaas, be introduced to " the fuel in the 
furnace", it will, as a matter of course, mix with the gas, or 
other combustible, in a proper manner, and assume the 
Htate suitable for combustion, whatever be the nature or 
state 'of such fuel, and without any regard to time or other 
circumstances. In fact, that we need give ourselves no 
trouble about what is nature''8 peculiar province : and, 
therefore, no one inquires whether time, or preparation, or 
any thing be required on our part beyond the mere bringing 
the air and fuel together ; or, rather, leaving the air to find 
its own way, or not, as circumstances may permit. Yet, as 
well might it be said, that bringing together given quan- 
tities of nitre, sulphur, and charcoal, in masses, was sufficient 
for the constitution of gunpowder. No : it is the proper 
distribution, mixture, and incorporation of the respective ele- 
mentary atoms of those masses which impart efficiency and 
simultaneouenesH of action, and, necessarily, their explosive 
cliaracter:* and so, also, in the bringing mixed bodies of 

• Doctor tire, in his Oirmical UkUuuary. puts Chbi ciisa\y sad torclblf. Dun- 
powder la compoBOd dI gifen UBiglita at nitre, charooitl. and snlphai, " iatimalH)! 
blendfd together by louf puuuding [n wooden mortara-" Again, " The varJatloDB 
ol atrengtb. In diflbiant umples. Kre generally oecmlimed by tbe mora orleaa iati- 
uxils divlHaii and midvrf of the parta. The reason of Chit may be eailly deduced 

rnnble nuttar : wheuee the vrhoie detonatlim wlu be 
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different kinds of gases into a state of preparation for efficient 
and simultaneous combustion. 

In operating in the laboratory, when we mix a measured 
jar of an inflammable ffas with a due complement of oxygen 
gaa, the operation being performed leisurely, sufficient 
opportunity for their due incorporation necessarily follows, 
and no question as to the icant of time arises. On the mix- 
ture being effected, it is fired, and the combustion which 
follows is so complete that every atom of the one gas will he 
found to have entered into union with its equivalent atom 
of the other. 

In this operation the quantities arc small : both bodies are 
gaseous: there is no counteracting or disturbing influence 
from the presence of other matter : the relative quantities 
of both gases are in saturating proportions : and, above all, 
the bodies to be mixed are so unaffected by current or 
draught that the laws which regulate the diffusion of gaaes 
have free scope to act. 

But compare this correct, careful, and deliberate laborar 
tory operation with what takes place in the furnace. First, 
the quantities in this latter case are large : secondly, the 
bodies to be consumed are partly gjiseous, partly solid: 
thirdly, the gases evolved from the coal are never homo- 
geneous, being part combustible and part incombustible: 
fourthly, these gases, as they pass over the mass of glowing 
matter on the bars, are forced into connexion with a large 
and often overwhelming quantity of the products of com- 
bustion from such glowing matter, chiefly carbonic a«id: 
fifthly, the very air introduced is itself deteriorated in passing 
through the bars and incandescent fuel on them, and thus 
deprived of much of its oxygen i sixthly, and above all, the 
gases to be mixed, instead of being allowed to remain a 
suitable time in presence of the due proportion of air, (as in 
the laboratory process,) by which their diffusion would hnvo 
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been favoured, are hurried away by the current or draught 

in large masses, many cubic feet being generated in every 
instant of time. 

All these eircunistanceB seriously impede the process of 
mixing : and it may be asked, how such masses, under such 
counteracting influences, could possibly become incorporated ; 
or how their several atoms or divisions, during thdr flight 
into the cooling region of the flues, could bo enabled to select, 
and seize on, each its respective portions of the supporter, 
and duly arrange themselves for chemical union ; and all, as 
it were, on the instant ; in opposition to the counteracting 
force of the current carrying them into the flues and out of 
the influence of the required temperature of ignition, with- 
out which any nuhsequent incorporation would be useless.* 

Some portions of air, it is true, do come into contact with 
the gas, and are ignited, but we have yet to learn how much 
larger is the quantity which is carried away unincorporated 
with air ; and even how much the calorific eflTect of what 
is consumed has been deteriorated. 

As this division of the subject must be new to unscientific 
readers, it will require more detail and illustration. 

We have seen, that the complefe combustion of a body de- 
pends on the chemical union of its atoms, or elementary 
divisions, with their respective equivalents of the supporter, 
oxygen ;-f- and which necessarily implies, first, the bringing 

* Aa an liutAnce of the effect of cmreiit In obatrQctin? mtrture, tlie janotioD of 
a striking iltnatrati 
trsTellera to Oenem have omitted Tleilin? ttio >pot, 
pugslng tbrongh GeaeTH. nwelTeB the miiern of the rlvei 
renmrkahl J Irnnspirout, with adecldedl j blue colour, whei 
nlxtnre of ohalk s 
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together ; and, secondly, tlie mixing and duly arranging such 
atoms, previously to the mixture being fired for combustion. 

Two questione here naturally arise. In what manner, or 
by what power or influence, is this intimate incorporation 
to be effected ! and what interval of time ia required for 
its completion ? 

The first (juestion is the most difficult and complicated. 
It involves the whole theory of the diffiision of gases, and I 
may, therefore, well be justified in not entering upon it ; and 
the more so as, for practical purposes, it is not esaential. All 
we are called on to admit is, that, if combustion means the 
chemical union of the combustible and the supporter, that 
union must involve contiguity and arrangement of the con- 
stituents to be united, according to some fixed elementary 
laws ; but in what form or order of collocation, or by what 
impulse or affection of matter, this arrangement of atoms 
and incorporation is effected need not now be inquired into. 

The second question, however, namely, what interval of 
time is required for completing this arrangement between 
the elementary atoms of the bodies to be mixed, is of the 
veTy essence of tho inquiry, with a view to practice, and 
must be logically and chemically examined. 

We begin by taking for granted, that the atoms of the 
gaseous bodies about to be mixed are endowed with extreme 
mobility inter se ; that is, the power of moving with the 
utmost facility and in all directions, amongst themselves ; and 
that, by means of such power, and that peculiar agency which 
regulates their movements, the atoms of one class of con- 
stituents will be drawn towards those of the others with 
which they are respectively to form imiona, either into actual 
contact, or within some given sphere of mutual influence, 
preparatory to their chemical action on each other. 

To urge the necessity for this previous condition of contact 
or proximity would scarcely appear called for ; but, as this 




branch of the inquiry is of the utmost importance, in a prac- 
tical point of view, and that we may take nothing for granted, 
a ahort illustration may be useful.* 

Let us take the familiar instance of the combustion of a 
number of grains of gunpowder. We place them together, 
in contact, and, on approaching a body of the due tempera- 
ture for their ignition, combustion ensues ; and the intervals 
of tinae occupied by the transmission of heat, from grain 
to grain, being inappreciable by our senses, tbe combustion 
has the appearance of being simultaneous. 

But let us alter the arrangement or collocation of the 
several grains. Let them be placed consecutively in the 
nature of a train, so as to leave certain distances between 
them. Under this arrangement, combustion will no longer 
be simultansoM, and an appreciable interval will occur 
between the combustion of tbe several grains. Let us fur- 
ther suppose, that, at some part of the series, the distance 
between some of the grains should be greater than mutual 
action or influence demanded. In that case, we cannot doubt 
that the interruption created by such distance would stop 
the continuousness of the combustion, and that the grains 
thus separated would escape combustion. 

This illustration, it is to be observed, is without reference 
to chemical action between the atoms or grains. 

Let us now apply it to the case before us. Let us suppose 
an atom of hydrogen gas and an atom of oxygen gas brought 
together, as in the annexed figure, or with that kind of 
contact which is denominated mechanical, in opposition to 



• TtexAca Raid. In ipeaklng or "chemlial aetliin", la;s down the fonvHinf 
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ehemical, and such as a drop of water and a drop of oil would 
exhibit whpn brought together : that is, by mere adhesion, 
without producing any change of individual character. 

On heat being applied, chemical action will be induced, 
and chemical union instantaneously effected between them. 
By this union, a new body, waier, (or rather, steam first, and 
then, water, by condensation,) will be formed, possessing 
the properties of neither hydrogen nor oxygen. Their pre- 
vious states of electricity will be found to be chimged : their 
previous joint bulk, or volume, reduced one-third : consider- 
able heat will be evolved during the process of uniting ; and 
this, strictly speaking, is comhvMion.* Here we know, that, 
previous to their forming an union, the two atoms were in 
contact, "the closest possible contact" ; meaning, within the 
spheres of their respective afHnities and action— chemical or 
electrical, or whatever it may be which operates with such 
powerful and instantaneous force, and equal, in point of in- 
tensity and rapidity, to what we know of electricity. 

But can we have a doubt, if they had not been so in con- 
tact, or within such range of action, that no union would have 
been effected ? that no change of character would have been 

• When lim volamca of pure hydrogsD gas are mixed with one vohime of pure 
Dijgen naa, and tbe mixture Infliunod in > proper nppiU'atua by the eleotric 
aptuk. the guea toUit; disappeiu, uid the interior of the vessel is covered with 
dropa of pure witer, equal tu inei^l to Ihe gues oonsumod. Again, 

If pore waior bo exposed to the aeUon of loltaie electricitj. it it resolved into 
fun vdaaiesot hydrogen, dlaengaged at the aegatiie pole, and one tduiiK of uxygeo. 
diaengaged at the positive pole : ao that water is thus provedt by sytitAeas and by 
analynit, to eonaiat of two Tolnmea of hydrogen eombinod with one voinmo of 
Diygen. The epeclfic gravity of bydrogen, compared with oxygen, ia 1 to le^ 
thine nnmbera, therefore, represent the compilative welghti of eqaid volumes of 
those gaaes; but, as water coufli^ta of otie vUume of hydfogen and half a vobtmc of 
Bxtlgen, It is obvioua, that the relative iiv^t of those elements will be Dis 1 to B, or 
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induced in either ? that no heat would have been evolved ! 
and no chemical action would havo taken place ! This we 
can no more doubt than that, in the ordinary experiment of 
bringing tho knuckle to the ball of an electric machine to 
receive the charge, no electricity will pass unless the knuckle 
be brought into contact, or within t/ie sphere of eUdric mfinence, 

Tbeee facta must bo bomo in mind, this jiivdious contact 
or contiguity of tho respectivs and combining ataim of gase- 
ous bodies being the key to the whole of the mysterioua 
process of combustion. 

But tho question of thm is now before us ; and, to apply 
the illustration, we must extend it, from tho case of stngls 
gaseous alo»is, to that of masses or bodies of gases, each con- 
taining numberless atoms ; for it is only in the mixing and 
incorporating of large bulks that time can be an object. 

Let us, then, suppose diagram 3 to represent a body of 
hydrogen gas and a body of oxygen gas, brought together . 
for the purpose of chemical union and combustion, in the 
proportions strictly required for forming steam or water ; 
that is, the one being equal to the other as to tho number of 
atoms, but dffuble as to buli or volume, aa in the example 
already given ; and this double relation of the two inaases 
must necessarily be the same if that of their atoms be so, and 
vice versa. 

Let figure 16 represent a section of this body of hydrogen, 
and figure 17 of the body of oxygeu. Our object being to 
effect chemical union between these two bodies, what is to 
be done ! To this question practice says, bring them 
together ; apply the necessary degree of heat, and combus- 
tion will follow : but chemistry says more. Chemistry tella 
us, this would be only bringing tho maeses togctlier : that 
it ia not the vtasses, but their elementary atoms or com- 
ponent parts that are to combine ; and, therefore, that it ia 
these latter which arc to be brought, reapectively, into 



contact, so that each pair of atoms may be in a condition 
favourable for mutual action and union. Figure 18 repre- 
aentB such a state of incorporation aud proximity of the 
combining pairs of atoma, and figure 19 the product of their 
combustion, namely, a volume of steam, of the bulk of the 
hydrogen employed, and of the exact weight of the two 
combining masses— not a single atom of either remaining un- 
saturated or uncombined. ThiB, then, ia perfect comhiistion. 

If this incorporation be properly effected, that which took 
place with the one pair of atoms (see figure 14) will instan- 
taneously take place over the whole ; and this conveys a 
correct idea of the kind and degree of incorporation which 
chemistry demands. 

I here again ask, can we have a doubt, that, if the 
atoms of each double set had not been thus respectively in 
contact, or within the range of mutual action, as illustrated 
by figure 18, simultaneous or entire combustion would not 
have taken place ;* and that such atoms as might have been 
beyond such sphere of chemical action would have remained 
uncombined and unconsumod, as in the case of those grains 
of gunpowder which were separated, and beyond the 
required distance for the transmission of fiamo. 

t In tliff aflveral H^tbb or grouping I sbaU use, deacriblofr the Intflrmedlaita 
etatOB of lacorpor&tioQ before uoiubufltion, I need hardly su^, that 1 dunut aff'Bct to 
Klye the aetuol form w mode in which the aeysTBl utoma raage themaelvea. That 
ne coa never know ; and, [ndeed. it In evident that tlmtie of eaoh ^raup of atoms 
miiy be otherwlBe placed, uid yet pruduee the same cantleuitj. All 1 urga Is. Clut 
the atoma of each respective gronp which are to aslte must, before flrlog. be either 
in iiotual contaet, or within eome given sphere of mntusl influence, preyiooily to 
their acting on each other ; and. afi already obaerved. when we would receive the 
charge by bringing the knuckles to the ball of an electric machine, 
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eSbct of arranging each set t^mmrirically, to that the medlnm will atill be one ol 
nnequRl Bjwmotry. Now, whatever be the number of partloles nnlted, anch la tht 
nature ofthe Forces, that the system cannot remain in eqaitibrlura ; or, at least, ii 
(table eqnUibrinm. except the diffcrmt srU a/parlielri have arniDgementB nnaloeoui 
to each other, and aa <]iatribnted thut there Ix a reenlor recuncuce of tlie aami 




It will be observed, that the question of tim^, the im- 
portance of which I am now urging, haa no reference to the 
interval employed in ike act of combwsHon — that being 
instantaneous and simultaneoua ; but refers exclusively to 
that required for the prfparatory mixing and incorporating; 
beginning at the moment when the masses are brought 
together, until complete diffusitm haa been effected, and the 
arrangement of their elementary atoms has become uniform 
and complete throughout, and ready for firing. 

But how is this kind or degree of mixing to be brought 
about between bodies of such different specific gravities, see- 
ing that a light liquid will float on the surface of a heavier 
one, and will not mingle unless agitated i 

Fortunately, the laws which govern the motion of gaseoua 
bodies are different from those of liquids ; sinco the laws of 
gravity, which influence the latter, appear to be overborne 
by some other law or force, in the case of the former. 

Nature, then, by her own laws, in her own way, and in 
her owfh due time, will, if not impeded, produce that precise 
state of perfect incorporation which we see ia essential to 
combustion, but which could not have been brought about 
by any degree of mechanical agitation. How this 
— under what law, or by what influence, are questions 
which involve the consideration of that intricate branch 
of chemical inquiry, designated by the term the ' 
of gases." 

This subject, as already observed, was first alluded to, and 
these facts, (now admitted by all chemists,) first explained 
by that able philosopher, Dalton ; and to this day the sub- 
ject continues to engage the attention of the ablest men of 
the age. 

On this inquiry, I have said, I am not going to enter, nei- 
ther shall I venture to add any hypothesis of my o 
will here only refer to the admitted facts — First, that, if two 
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bodies of dimmilar gases be brought together, thej will, i/ . 
due time he allowed, effect a UQifortn and general i ncorporation 
among their reapectivc elementary atoms.* Secondly, that 
the rapidity and intensity of their chemical action and the 
quantity of available heat evolved will depend on the decree 
and completeneis of the previous incorporation ; and, thirdly, 
that, by such chemical action, no greater quantity of either 
body will enter into union or combustion than what is 
rigidly due to the satwatimg equivalent of each. 

Let us now go a step further, and show an arrangement 
of the atoms of a combustible with its supporter, where they 
are diaproportioned in number. Let us take carbon vapour, 
{the other combustible in coal-gas,) and its equivalent of 
oxygen (see diagram 4) ; namely, two atoms of oxygen to one 
of carbon vapour. Fig. 20 represents the body of carbon ; 
fig. 21 that of the oxygen— double the bidk of the former; 
fig. 22 shows the arrangement or mixture previously to 
firing for combustion ; and fig. 23 the resulting product 
after combustion, namely, carbonic acid. 

Here, as iu the preceding case, on being fired not a single 
atom of either body remama unattached. This, also, is per- 
fect comiustioti, the mixture or diffusion of the respective 
atoms among themselves having been so complete that those 
of each set were within the range of mutual action before 
being fired. 

The next illustration (diagram 5) is still more important. 
We have hitherto taken oxygen alone to effect combustion 
with the combustible ; but, as we cannot obtain that 
ingredient by itself, we must take it as we find it in 
atmospheric air. Fig. 24 represents a body of hydrogen " 
equal to that in the first illustration (diagram 3) ; fig. 26, 
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the body of air Bufficient to supply its saturating equivalent 
of ogygen ; fig. 2G, the preparatory mixture ready for firing; 
fig. 27, the resulting products of combuHtion^steam; fig. 28 
being the hody of nitrogen disengaged from the air after the 
oxygen had been abstracted by the hydrogen. 

It is here to be observed, that the only difference between 
this and the preceding example is, that there we used pure 
oxygm, and here we use air. This, however, brings ua 
acquainted with the cause of the increased quantity aud 
intensity of heat produced by the combustion of hydrogen 
gaa in oxygen, above what is produced by the combustion in 
air ; although the L[uantities of both the combustible and the 
aupiKirter liave been the same iu both cases. This differ- 
ence arises solely from the interposition of so large a portion 
of useless heat-absorbing nitrogen.* 

The next illustration (diagram 6) is that of the mixture 
and combustion of carbon vapour in air, and here also we 
find a corresponding difference, in effect, between tlie em- 
ployment of oxygm and air. . Fig. 29 represonta a body of 
carbon vapour; fig. 30, a body of air, supplying the requisite 
quantity of oxygen ; fig. 31, the preparatory mixture before 
combustion ; fig. 32, the resulting body of carbonic acid ; 
and fig. 33, the nitrogen of the air passing off uncombined. 
We see that this example, and that given in diagram 4, are 
tlie same in every respect with the exception, of the nitrogen. 

Having shown the separate combustion of hydrogen and 
carbon in oj^ypen and in air, our next step is to show tlie 
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combustion of both combustibles, from their combined state as 
in coal-gas ; and this brings us to what we have to deal with 
in ihefwmace. 

Let us, however, follow the same course, first showing its 
combustion in oxygen,^ and afterwards in air (diagram 7.) 
Fig. 34 presents us with a body of coal-gas (carburetted 
hydrogen) ; fig. 35, its equivalent of oxygen ; fig. 36, their 
mixture preparatory to being fired ; and figs. 37 and 38, the 
products of their combustion, namely, one volume of carbonic 
acid, and two volumes of steam. 

This latter illustration gives us precisely the mixture ef- 
fected by Mr. Gumey's admirable and scientific arrangement 
in what is called the " Bude liglit^, and with which it is pro- 
posed to illuminate the Houses of Parliament, and our coast 
lighthouses. In this the superior intensity of the light is 
caused by the absence of nitrogen, and the consequent facility 
afforded to the atoms of the combustible gas and the oxygen 
for becoming more intimately incorporated before combustion. 

The last illustration of the series brings us to the state of 
things wo have to encounter in the furnace, namely, the mix- 
ture and combustion of a body of coal-gas with its equivalent 
of oxygen as met with in atmospherie air (diagram 8.) 

Fig. 39 represents a body of coal-gas (the same as in the 
preceding example) ; fig 40, the required quantity of air, 
say ten times the bulk of the gas, to give the required quan- 
tity of oxygen; fig. 41, their mixture previous to combustion ; 
figs. 42 and 43, the products of combustion from the three 
constituents of the gas ; and fig. 44, the disengaged and un- 
combined nitrogen. 

And here we cannot but be impressed with the importance 
of time for effecting the previous mixture and incorporation 
of tho air and the gas, so as to give the necessary contact, or 
juxtaposition of the respective atoms of each group, on 
account of tho enormous disproportion between tho bulk of 



the oxygen employeil in the previous cxrtinplo, and that of the 
fliMospAmc o«r eniployeil in the present ; the Litter beir\a;five 
times gpL'atcr than the former, although tho ({uantities of 
oxygen are the same in both. 

For the purpose of having these several illustrations under 
the eye at once, in their progressive order, and for tho sake 
of rofcrcnco, I here enumerate them, with tho relative volumes 
of tho combustible and the supporter employed in oaeh. 

JVu. of laijTeditliti Hflalicr 

iJityram. eutple^cd. rolauiei 

3. Hydrogen and oxygen, 

4. Carbon and oxygen, 

5. Hydrogen and air, 
(i. Carbon ond air, 
7. Coal-gaa and oxygen, 
U. Coal-gas and air, 

Looking at tho curious, sjTn metrically arranged groups 
which these diagrams present, particularly the last, in which 
carbon and hydrogen, oxygen and nitrogen are to he so mixed 
that no atom of either combustible shall bo so distant from its 
equivalent of the supporter as to escape chemical union on 
being fired ; remembering, also, that these four gases, when 
brought together for mL-iture, are all different, not only in 
specific gravity, but in their capacities for heat, we cannot 
resist the conclusion, that more time is required than is 
compatible with the present arrangement of our furnaces, 
for effecting that mec/ianical intermixture of their elements 
which will enable them electrically, or cAmaicatly, to com- 
bine and give out heat by producing perfect combustion ; 
that is, tho combustion of every atom of tho mass. Indeed, 
without sufficient time, nothing short of a miracle could 
satisfy the required extent of diffusion. Nature, however, 
does not work by miracles, but by defined laws and progres- 
sive means. 

The impression on men's minds, as already obser^'cd, out- 
side the lalioratory, is, that the proper degree of mixing will 
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be brought about as naturally and expeditiously as combus- 
tion requires ; and that it is only by a refinement of calcula- 
tion time is suppoised to be required after the bodies of gas 
and air are brought together. 

Now, this is the great error to be combatted ; and, as I set 
more value, under the conviction of its importance, on the 
necessity of having more time than ordinary furnaces permit, 
in producing that symmetry and perfect diffusion among the 
atomic groups, I will examine some of the evidences we 
have on the necessity for this required contiguity and 
arrangement of atoms, and the time required for producing it. 

We have seen, that this mixture, hefore combustion, is 
mechanical^ and preparatory to that chemical mixture and 
union which follows. — The former relating to the mere 
change of position of the atoms ; the latter, to their change 
of properties, — The one, brought about under the operation 
of certain laws and impulses which are influenced by 
densities, temperatures, and other calculable forces, and 
necessarily slow in their operation : the other, by the rapid, 
instantaneous effect of chemical or electrical action.* 

When, indeed, we consider the opposite states of elec- 
tricity of the atoms when in contact, before their chemical 

* The preyailing opinion amongst the highest authorities, both British and 
continental, is, that chemical action is identical with electrical agency, and in- 
duced by that disposition or tendency which bodies in opposite states of electricity 
haye towards producing an equilibrium, as when electricity is discharged from one 
body or person to another. 

" 'II ne nous reste done plus d'autre resource que de consid^rer le feu comme un 
phenomine electriquej qui a lieu lorsque au moment de la combinaison des corps, 
leurs 6tats ^leetriques opposes se neutralizent reciproquement, circonstance dans 
la quelle il reproduit du feu, de la m&me maniere qu' il s'en manifeste dans le 
deoharge de la bouteille de Leyde ou de la to\idre"—Berzelitis, vol. i., 212. 

Combustion* Mr. Brande obseryes, cannot be regarded as dependant on any 
peculiar principle or form of matter, but must be regarded as a general result of 
intense (AemiocU action. All bodies which act powerfully on each other are in the 
ieparate electrical state of positive and negatiw; and the evolution of heat and light 
may depend upon the anniliilation of these opposite states, which happens when 
they combine. 
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union, and the change of olectric relations which takes plauo, 
on their union being effocted, (for the proofs of which we are 
indebted to Dr. Faraday and other pbiloaophers of the pre- 
sent day,) and the necessity for contiguity in electrical ac- 
tion, it is impossible to deny the importance of this previ- 
ous contiguity — not of the bodies or massea, but of their 
elementary atoms, from the union of which heat is produced. 
Now this contiguity of the atoms of the different kinds of gas 
is the very gist of the subject, namely, mixture, or diffusion, 
as the essential of chemical union and combustion. 

On this head, Berzelius is explicit and satisfactory. See 
his " Traite des Proportions Chimiques", one passage of 
which I shall quote : 

"Nous crofonsdoat mainteDSint Bavoir aveo certitude, que lea corps 
<iai aoal pres d« coTiihiner,moiiirent Abb electricity libres opposes, qoi aug- 
meatent de force, k mesure qu'ellea approcliont plus de la temperature i. 
la quelle la combinaiaon a lieu, Jusqu' h ce que, A I'instant de Vunion, lea 
flectrioitfe disparaisHent avec une oyvation de tenipi^rature Bonvent si 
grandcqu'il eclatedu feu. Nouauvons, d'autre part, la mSms certitude, 
que des combines, exposes boos la forme convenable, k L'action dn courant 
dlectrique, Bont separ^B, et reconvtent leurs premiJ^res propri^tes chimi- 
qoea et ^ectriquea, en ni^me temps que lea electricit^s qui agiaaent aur 
eiuc, diaparaiasent. 

"Dans r^tat actuel de uaa counaissauceB I'explication la plus pro- 
bable do le combuation et de rignition qui en est I'effet, eat done, qae 
dans touts combin^on ehimique, il y a neutralization dea electricit^a 
opposes, et qae cette ncutralizatian produit le feu." — Page 4I>. 

But it is the rate at which the process of diffusion pro- 
ceeds which affects the question of tiine. On this head we 
have ample evidence, that gases, although they will mingle 
by their atoms effectually and throughout, do not niingle ao 
rapidly as is generally supposed ; and that their rates of 
diffusion may even bethe subject of calculation. Mr. Kellaad, 
who haa elaborately calculated many of their movements, 
observes, that, "from the experiments and admirable views 
of Dr. Dalton, we may conclude, that, when different gases 
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are brought together, they will intermingle with each other 
ffraduallt/, offering no other resistance (in the words of 
Dnlton) to the mixture, than the opposition which pebbloa 
present to the motion of water."" 

Thus we find, that, even with tho aid which small quan- 
tities, correct proportions, and deliberate mixture afford, the 
operation is still a grad'ital one, and ^dependant on the ox- 
tent of its contact of atoms with those of the air. How, 
then, must the mixture be retarded when the quantities are 
large ; irregular in proportions ; in a rapid onward motion as 
in a furnace ; and the contact of atoms necessarily obstructed ? 
Dr. Reid, in bis " Elements of Chemistry," when describing 
the detonating mixture, directs "that the oxygen be "weU 
min^hd with the hydrogen." Here, deliberate measures are 
taken for the diffusion of a mere phialful, yet we take no pains 
to have these same ingredients " well mingletT'' in the furnace ! 

In the " Experimental Researches on the Diffusion of 
Gases," by Mr. Graham, we have abundant proof of the ab- 
solute necessity for giving time. In one case he observes, 
" the receiver was filled with 75 volumes of hydrogen and 75 
■ of olefiant gas, agitated and allowed to stand over water for 
tweaty-fimf hours, that ike mixtmre might he as perfect as pos- 
sible.'''' In general, he allowed four hours to elapse beforo 
he considered the gases adequately mixed. 

Professor Daniell finds, that, even in laboratory oxperi- 
ments, it is essential to givo an excess of oxygen to secure an 
adequate portion reaching each atom of the gas to be con- 
sumed, no more, however, being consumed than its duo 
eciuivalent of oxygen. -f- 

' '-OiiUieIliiiuryufH(iiit,"byFhllipEe1buid,M.A,,FonowoIQuuea'BCuUi.>gd, 
Uiunbrld^. 

I " In the procBBH nbich baa hma doecrlbed for coUccting the products at tba 
detonHtlun afhydrogea BJid di jgen. It ia nocoBsor; Uiatllten he mimd trrg amurab'tii. 
In tbo proportlDn of t«a of hf Jrogen to one of oxygea. Id tluwo proportions they 
enter Into oonibioaUon, and la none other, luid Iteitlmr wore Ineicesa.tbeiurplni 
would b« left after dctonatlon.~— OuhWJ's Inlrodaetioti Iv Cheiiikal Philiitojiliv. 



But the observations of Professor Faraday should satisfy 
us at once on tbo question of time, and justifies my attribut- 
ing so much importance to this hitherto neglected feature in 
the process of combustion on the largo scale. In his " Cho- 
mical Manipulations," p. 360, Dr. Faraday savs, " It will 
be proper to observe, that, although in making mixtures of 
gases, they will become uniform without agitation, if suffi- 
cimt time he aUotced, the period required will bo vety long, 
extending even to hours, in narrow vessels. If hydrogen be 
thrown up into a wide^m full of oxygen, so as to fill it, and 
no further agitation given, the mixture, aft^ the lapse of 
eeeeral minutes, will still be of difierent composition above 
and below." Hero are several mingles proved to be neces- 
sary in effecting adequate mixture in a jar full of the gases, 
whereas we cannot afford oveu several seconds for the mixing 
of a furnace full. 

Hero is proof Hufficiently strong in favour of tho point ttf 
tiitte which I am contending for ; yet, in managing combus- 
tion on the largo scale, this condition, as to time, is wholly 
overloolied, although the question of economy eminently 
depends on that of perfect diffusion. 

Tho effect of varying densities, or specific gravities, in 
gases, is also remarkable on the point of time. Mr. Kelland 
observes, that the rapidity of mixing is dependant on the 
relative densities of the gasos.* Dr. Dalton found " the 
mobility of gases to be inversely as their densities," Dr. Reid^ 
proves, that gases of different densities do not mingle rapidlyjf 



* ■' Tho mpliUty of mlsina; ifi Aawnrfuiii oi: 
nppoard, trma Mr. Qraham's bxpenmuatB, ti 
in any amidl tima, cuuiuiauliatda to tho gai 
as tho Bquare root of Iho denaily of A to tl 

I "FUlajartmlffuUof uxfgen, oadthencautiuiuly ailltupHitlic 
Thon remoTo the uork nud tatroduco u iiuBpondfd luuidti:. It bnmn h 
the upper stnttntu at uijgau, tiut u oitluguUbiid in tbc airbamE iwid I 
kIniUed n^iin, db it U agtiia ilnmn upwinls into the oxygen. Heoco ; 



ha reUtlTerlemltlcialthoRiLaes.anil 
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BqBare root of the aeosity of B.'*- 
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The experiments of Professor Graham also prove how infla- 
ential is the difference of density in aiding or retarding 
diffusion, and he even comes to the conclusion, that *' the 
specific gravity of gases can be determined by experiment, on 
the principle of diffusion, with greater accuracy than by 
ordinary means.'*'* * 

I find, also, a satisfactory illustration given by Berzelins, 
vol. i., pages 234 and 235, of the necessity for giymgtimefoT 
the due mixing of the constituents of a combustible gas with 
its supporter previously to combustion, but it is too Icmg for 
introduction here. 

I might here add many illustrations from Dr. Faraday, 
of the causes of the acceleration and retardation of the pro- 
cesses of mixing and combining, but it would draw me too 
much from the practical application of the facts before us. I 
inust, therefore, content myself with referring to his able 
" HxperinioMtal Researches in Electricity,'''* a work which 
will afn])ly repay the scientific inquirer. 

The work of Mr. Daniell, Professor of Chemistry, King**8 
College, London, in which he has presented to students in 
(jhoiniHtry an elementary view of the discoveries of Dr. 
Faraday in electrical science, is also a work well worthy 
perusal by those who desire to go deeper into the considera- 
tion of what belongs to chemical action, and its connexion 

ferciit (lunniticH do w4 mingle rapidly with each other, at least, to any great extent. 
Diit, if iho oxyiifou and carbonic acid bo left together for a considerable timet they 
flractually diffUno thomnolvos through each other, part of the heayy carbonic acid 
riNing, wliile a portion of the lighter oxygen descends."— f^mento of Chemistry , by 
Dr. I), n. Jlcidt p. 01)2. 

* A papftr, by Professor Graham, containing the results of a most able inquiry 
into the Laws of the Diffusion of Gases, was read before the Royal Society, of 
Kdiuburgh. In that paper, the object of the Professor is to establish the 
following law, namely, that •* the diffusion, or spontaneous intermixture, of two 
gases in contact, is effected by an interchain in position of indefinitely minute 
volumes of the gases, which volumes are not necessarily of equal magnitude, being, 
in the ca.se of each gas, inversely proportional to the square root of the density of 
that gas." 
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with electricity, in the proeoas of corabuation, and is strongly 
illustrative of the principle I am hero enforcing. 

In Dalton's paper, read to the Manchester Philosophical 
Society, Jan. 28, 1803, " On the Tendency of Elastic Flnida 
to Diffusion through each other," ho arrives at this conclu- 
sion, " that a lighter elastic fluid cannot rest upon a heavy 
one, as in the case of liquids ; but that they are constantly 
active in diffiising themselves through each other («W an e^wi- 
librium is effected, and that without any regard to their spe- 
cific gravity, eajc^t so far as it accelerates or retards the effect^'' 
This is precisely the case before ua, and to the point, on this 
branch of the subject ; the several gases meeting at tha 
bridge of a furnace being so various as to their relative spe- 
cific gravities, as shown in the following scale — air being 
taken as unity : 

Spfc'ifn Graritie!. Weight of 100 cubic India in grs, 

rijdrogPii (l-0BfI9 2-137 

Cnrbon vapour 0-4210 12'95S 

Carhuretted hydrogen ...05500 I7-3S0 

Carbonic oxide 0-9730 30-186 

Nitrogen 0-9785 30-316 

Bi-oari)uretted hydrogen.. 0-9820 30-4-tO 

AtmoBpheric mr I-OOOO 31-011 

Oxygen 1-20S0 34-34U 

Carbonicacid 1-6240 47'283 

Here we have many different kinds of gaseous bodies, all 
of which encounter each other in the furnace, struggling 

Ji tbe results of Ma aumeious itna aceuraite expeiimBUta, 

TABLE 

Of laHITU.EJir DlFPUaWN-VOtCMES op 6»9ES: AIR-1. 
Bf erpttimmi, Bf &Bory, 

Hydrogra S-BS S7M7 .... 

Cuborettedbydniseq rS44 1-3^4 ... 

OlefiuitgM I-OIBI - 1-0140 .... 



Sptdjic gtavily. 






Oubonic oxide .. 

mtrogoi I-4lltS 

Cajgat ofl«T 

Balplmntted hydrogen... 0-St> 

Protoxide of nitnigaa O-sa 

Ciibooieuld O'SIS 

Salphnroua uld O-fS 



.. 1-0140 .. 



together and exercising their respective attractive forces for 
the oxygen; yet all tenJiogtowardB the ibrmatioii of an uni- 
form mass and ei^uitibrium, (/ lime be allowed. These bodies, 
we Bee, vary in their specific gravities, from hydrogen, ihs 
lightest of all known gases, up to carbonic acid, one of the 
heaviest ; thus presenting the greatest natural impediment 
to the formation of that equilibrium which is essential to 
rapid and perfect combustion. 

In tlio above table we see, tliat air is nearly double the 
density of the carburetted hydrogen (coal-gas) with which it is 
to mingle ; 100 cubic inches of the latter weighing but 17 
grains, while 100 cubic inches of air weigh 31 grains. And 
the difference is still greater between air and hydrogen, (of 
which latter four-fifths of coal-gas ia constituted,) 100 cubic 
inches weighing but 2'137 (2 1-lOth grains) ; the air, con- 
sequently, being nearly fifteen times heavier than that gaa ; 
and these are the very bodies we expect shall mingle, and 
coalesce, and form an equilibrium, on ilm instant, in the 



Now this brings us to the conclusion, that, as we cannot 
yitrce the gases (coal-gas and oxygen, for instance) to mingle 
with sufficient rapidity, under the ordinary circumstances of 
the furnace, our views should be directed to the effecting 
such modifications of that furnace na will aid nature in 
those arrangements which are essential to combustion, rather 
than in obstructing them, or resting satisfied with what 
erroneous custom has established under the attractive, but 
fallacious, name of ^^praciice." Here, as chemistry points 
out the evil we have to contend with, so chemistry should 
guide us in applying the remedy. 

I conclude this important division of the subject by the 
following short recapitulation : 

1st. Combustion, by which wo obtain heat, is c/iemical 
union induced between the combustible and the supporter. 
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"2il. To effect thU union, the bodies about to be united 
nmat first he brott^M together:,- either into actual contact, or 
within their respective spheres of chemical action. 

3d. As the chemical unions to be effected are not between 
the tnassiis, but the ehmsntary atoms of which tliey are re- 
epectively composed, eo the previous mixture and contiguity 
must have reference to euch atoms, and not to the masses, or 
agji^egate of atoms. 

■ith. Complete, perfect miffing means effecting such a 
degree of incorporation that, if portions be taken from differ- 
ent parts of the mass, they will always present groups of the 
exact same constituents, or composition : the whole being 
thus homogeneous and symmetrical throughout : each atom 
of tho eombustible being contiguous to its equivalent atom, 
or atoms, of the supporter. 

5th. To effect this degree of incorporation tinie is required, 
according to the special nature of each of the bodies to bo 
mixed; inasmuch as these bodies, when brought together, 
are of such varying densities and temperatures. 

6th. Tho operation of mixing will bo retarded, or accele- 
rated, and a longer time reijuired, according to the nature 
and number of the bodies to be mixed ; those mixtures in 
which the combustible and the supporter can be brought 
into closer coatiguiily (iia hydrogen and oxygen) being effected 
in a shorter time, and with more energy and intensity, than 
where they are at greater distances from each other, by the 
interposition of other gases, as in the case of hydrogen and 
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7th. Finally, the quantity of available heat obtained will 
be in the ratio of the number and simultaueousnoss of the 
unions which will take place, and the contiguity of the 
uniting atoms at the time of being Jired. 

The importance and necessity of time being established, 
the next consideration will be, how to meet the case of that 
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want of time which is occasioned by the circumstances under 
which combustion takes place in a furnace as ordinarily 
constructed. 

I avail myself of this opportunity of stating the opinion of 
one whose authority will not be questioned, in confirmation 
of the views taken by me on this part of the subject. Being 
desirous of having my doubts cleared up on some points, I 
consulted Mr. Daniell professionally, and here annex his 
reply, l^rofessor Daniell, it will be observed, goes even 
farther than I have as to the qucmtity of atmospheric air to 
be supplied in effecting the preparatory mixture of the com« 
bustible and the supporter : urging the necessity, even in 
careful laboratory practice, of providing <m excess of the 
supporter, as a means of ensuring full and saturating diffii- 
sion, and preventing the possibility of any of the combustible 
passing away uncombined and unconsumed. 

OPINION. 

" King's College, 8th August, 1840. 

" There can be no doubt, that the affinity of hydrogen for 
oxygen under most circumstances is stronger than that of 
carbon. If a mixture of two parts of hydrogen and one of 
carbonic acid be passed through a red-hot tube, water is 
formed, a portion of charcoal is thrown down, and carbonic 
oxide passes over with the excess of hydrogen. 

"With regard to the different forms of hydro-carbon, 
it is well known, that the whole of the carbon is never 
combined with oxygen in the processes of detonation 
or silent combustion, wnless a large excess of oxygen he 
present, 

" For the complete combustion of olefiant gas, it is neces- 
sary to mix the gas with Jive times its volume of oxygen, 
though three ordy are consumed. If less be used, part of the 
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carbon escapes combination, and is deposited as a black 
powder. Even sub-carburetted hydrogen it is necessary to 
mix with more than twice its bulk of oxygen, or the same 
precipitation will occur. 

" It is clear, therefore, that the whole of the hydrogen of 
any of these compounds of carbon may be combined with 
oxygen, while a part of their carbon may escape combustion, 
and that even when enough of oxygen is present for its 
saturation. 

" That which takes place when the mixture is designedly 
made in the most perfect manner must, undoubtedly, arise 
in the common processes of combustion, where the mixture 
is fortuitous and much less intimate. Any method of en- 
suring the complete combustion of fuel, consisting partly of 
the volatile hydro-carbons, must be /otmded upon the principle 
ofprodwAng an intimate mixture with them of atmospheric air, 
in excess, in that part of the furnace to which they naturally 
rise. In the common construction of furnaces this is scarcely 
possible, as the oxygen of the air, which passes through the fire 
bars, is mostly expended upon the solid part of the ignited 
fuel with which it first comes in contact, 

"J. F. DANIELL. 

" To C. W. Williams, Esq., &c. &c.'' 
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gas passes through it, and may be kindled as it escapes/' 
(Mr. Brande has given the same illustration in his '^ Manual 
of Chemistry."'') 
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Berthier, vol. i., p. 177, observes, " The flame assumes the 
form of a sharp cone, with a hemispherical shape at the 
lower part. It presents four distinct parts : namely, first, the 
hase^ of a sombre blue : this is the gas which bums with 
difficulty, because it has not yet acquired a sufficiently high 
temperature; secondly, an mterior dark cane: this is 
combustible gas highly heated, hv^ which does not hum, 
became it is not mixed with air ; thirdly, the brilliant conical 
envelope : in this part, combustion takes place with a deposit 
of carbon ; fourthly, a conical envelope, which gives but little 
light, (Hres peu lumineuse^) surrounding the whole flame, 
extremely thin or attenuated, (^ extremement mince,'*) and 
which is thickest at the top. Combustion is complete in 
this part, and it is at its contact with the luminofis envelope 
that the temperature is the highest.^ 

Berzelius, vol.viii., p. 151, observes, of the flame of a candle, 
— At its base we perceive a small part of a deep blue colour. 
In the middle is a dark part which contains the gas evolved 
from the wick, but which, not being yet in contact with the 
air, ca/nnot bwm : outside of this is the brilliant part of the 
flame. We also perceive, on the confines of this latter, a 




thin, faintly luminous envelope, which becomes larger 
towards the summit of the flame. It Ib there that the flame 
is hottest,* Dr. Thomson, in hia work on "Heat and 
Electricity," and Dumas, in his " Traite de Chimie appliquee 
aux Arts," give similar illustrations of the conibustion of the 
gas in the flame of a candle. Dr. Ure observes, " Nothing 
places in a clearer light the heedlessness of mankind to the 
most instructive lessons than their neglecting to perceive the 
difficulty of duly intermingling air with inflammable vapours, 
for the purpose of their combustion, aa exhibited in the 
everyday occurrence of the flame of a tallow candle, or com- 
mon oil lamp ; for, though this flame be in contact, exter- 
nally, with a current of air created by itself, yet a large por- 
tion of the tallow and oil passes oS^ unconsumed, with a 
great lose of the light and heat which they are capable of 
producing." 

All these authorities, we see, agree in the main facts : 
Jint, that the dark space in the centre of the flame is a 
body of unconsumed gas ready for comhmiion, and only 
waiting the preparatory step — the miaimg — the getting into 
ctmtad with the oxygen of the air : secondly, that that 
portion of the gas in which the due mixing has been effected, 
and which, therefore, becomes inflamed, forma but a thin 
film on the outside of such a body of unconsumed gas : 
thirdly, that the products of the combustion of the gas 
form the transparent envelope, which may be perceived on 

» '■ SI I'oa cunBiUera 
plusleurs purtloa doni a 
one petito partis dime 
■'elnlKae de 1& meche, 
s'eleTsnt rortioilcment 
appeisolt au tnwn de la partle bi 
do In meche qal. n'rlanl paint encore en conflict aBfc Va\ 
Autonr d'etle eit la paitie brilUante de la Hamme. Et 
■TM qoBlqu' aCtentioQ, on volt nir 1m oonflaa celle-ci 
pBU Inmlaaiue qoi deviant ping Urge ven It 

Bt aw kiJbtmBK bH ia pita chiiuite." 
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close inspection : fourthly, that the collection of gas in 
the interior of the flame cannot burn there for want of 

oxygen. 

Dr. ReiJ uses a remarkable expression, which involves the 
whole (jueation of current, time, and place. " The flame is 
solely at the exterior portion of the ascending gas ; all with- 
out being merely heated air, or the products of combustion ; 
all within, unconsuined gas, rinitiff in its turn to affect the 
o.^ygen of the air." 

Here let the questions be answered : — Why does the 
•lutiide portion alone — this mere surface of the interior body 
of gas, enter into combustion ? and why does the remainder 
continue uneonsumed ! Berzelius answers, " The gas cannot 
be burned there, because the air which is able to penetrate so 
far has already lost the greatest part of its oxygen."* 

Mr. Brande puts this with equal force. " This combus- 
tion," this chemical union between the gas and the oxygen 
of the air, " is but B'operficial only, the flame being a thin 
film of white hot vapour, enclosing an interior portion tchtck 
cannot bum for want of oxygen.'''' Why I What prevents it ? 
Why is this flame superficial only \ Why is there a want 
oi oxygen, eeeing there is no wantof«t>? 

Now, these questions involve the whole of the case of the 
furnace :—ih^y reveal the diflerenee between perfect and 
imperfect combustion. The bodies of gaa and air have, it 
is true, free access to each other : the gas is intensely hot : — 
yet, time is wanting for their due mixture. Thus, dift'usion 
and combustion only proceed, ^ri ^wmsm, as the constituent 
atoms of the gaa, " taking their tarn,'" are enabled to get into 
contact with their respective equivalent atoms of atmospheric 
oxygen. 



* '■ Quant a VespMC conique 
p«nTcnt pu y brultu: completemt 
u Ufjh peniD In plui putle d« eoi 
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If adequate mixture and diffusion could be effected with- 
out thia demand on thiw, (and which opinion, we must con- 
clude, ia the general one, aeeing that nothing has b 
tempted to show that more time was considered necessary,) 
how does it happen, that ao small a bulk of gas as ia con- 
tained in this " dark central cone'' of the flame of a candle 
should have any difficulty of obtaining its supply of oxygen, 
in the midst of an unrestricted supply of air I And, if 
this small portion of gas (although at a heat, in the centre 
of a flame, equal in intensity to " a while heaf") has such diffi- 
culty in obtaining adequate contact with its equivalent of 
oxygen, how can we expect so enormous a mass of gas as is 
generated in the furnace should be adequately supplied, un- 
der the hurried circumstances occasioned by the draught 5* 

How much more applicable, then, would be the words of 
theae experienced chemists to such a mass : that " it cannot 
burn for wantof oxygen."— (Brand e.) That, "notbeingin 
contact with air, it cannot burn."— (Berzelins.) That it 
has " to wait its turn" to mingle with the air. — (Reid.) 
That it does not burn, " parce qu'elte n'est pas melange 
d'air." — (Berthier.) That, being beyond the necessary 
contact, " hora de ce contact," it cannot burn in the same 
(imtr.— (Dumas.) 

I have not hitherto quoted Sir Humphry Davy on thia 
head, for bis whole " Researches on Flame" go in eorrohora- 

• " By eipetimenU with Dr, WoUaaton'a DiHerenttol Barometer, made in wvenJ 
ftwtotiBB, wbere bath high and low pressure itesm wu employed, I foimd. that tha 
oerUt products ot combaatlon rrom the boiler taxaaicei Hew off with a Teloclt; of 
fnllj thirty six feet pet second, ariite ao mpiil as to preoloda the possibility of the 
hydrogoonted gases team the Ignllad eoala becoming w duly blended with the 
atmospherle oxygen u tobe bnmed. Ibis well known, that elastic flulda, of differ- 
ent depsitlet. such as sir and carbnretted hydiogon, intermlcgto very Oowtii; bat, 
wheD the air becomes conaiderabty caibonaMd, an It does in paaaing througb th« 
gnts.and.eanseqnenUy.heaTler, ItHlUnotlneoTporateataU with the lighter oom- 
bostlble gases oboie It , in the abort interml of the aerial transit through thefumue 
and fluea. Thus, there can be no more oombnstloa amidst these gases and •■ 
thu in the aiia ot a tallow candle aame."— Cr. 
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tion of the facta here stated, and the inferences drawn by 
so many competent authorities.' 

If, then, the free, unrestricted access of air on all 
sidea of this small flame is not able, by force, attraction, 
or the laws of diifiiaion, to form a due atomic mixture, 
in time for ignition, a fortiori, it cannot do bo when 
the supply of air is restricted and that of the gaa 
increased. 

The Argand lamp furnishes a strong corroboration of 
these principles. This lamp (whether with oil or gas) dif- 
fers from the ordinary one merely in this, that air is intro- 
duced into the centre of the flame ; thus giving it access at 
the imide as well as the outside of the circular body of gaa 
to be consumed. Now, the advantage of this alteration 
consists merely in its enlarging the accessible surfaces for 
contact of the atoms to be mixed ; and which, being thus 
nearly doubled, gives to double the number of atoms the 
means of effecting a juxtaposition, or contact, in the same 
space of time : for, after all, by the criteria of time 
and contact of atoms must any improved plan be tested ; 
since, in Professor Danieira words, its efficiency must 
be "founded on the principle of producing an intimate 
miietttre." 

Dr. Beid, speaking of the Argand lamp, (see fig. 46,) 
observes, that the intensity of the heat is augmented by 
causing the air to enter in the middle of a circular wick, or 
series of gas-jets, so that more gas is consumed tciiMn a 
given space than in the ordinary manner. 

But why is more gaa consumed within this ffiven space ? 
Solely because more capability for mixture is afforded, and a 
greater number of accessible points of contact obtained, arising 

* " In l<K>kIiigsteBdbst1;>t11aine."he{iliserTfl9,"thDputiiheTetbecoinbn8tibtc 
is TolUlUzed !■ Been, and IC appean darker. cDntnuWd witJi tho put in nhicit it 
btffliato bum.tbat ii, where It Ian mJwdmJ'Aufru to become eiptoslTe." 




out of this sericBof jets. This may he seen in fig. 47, where 
the inner surfaces, a a, are shown in addition to the outer 

as. 




" If the aperture," ho observes, "by which air is admitted 
into the interior of the flame, be closed, the flame, repre- 
sented in fig. 46, immediately assumes the form shown in fig. 
48 ; part of the supply of air beiug thus cut off, it extends 
farther into the air before it meets with the oxygen necessary 
for its combustion'" : the lengthy upwards, of the flame being 
iUways in proportion to the heat below— to the quantity 
of gas generated— and to the strength of t 
current. 

In this case, the flame, instead of being short, white, cylin- 
drical, and brilliant — without smoke, and giving out much 
heat and light — becomes instantaneously of a murky red 
colour, of a long conical shape, with much smoke, and 
diminished heating and lighting properties. 

Here wo trace the Ungth of the flame to the slow progres- 
sive rate, consecutive character, and diminished rate o 
ing and combustion, occasioned by the want of an adequate 
number of obtainable points for mutual access, within any 
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given time, between the separate constituents of tlie gas and 
the atoms of oxygen from the air. In this ease, {by stopping 
the admission of air to the centre of the flame,) the body of 
gae evolved from the inward aide of the circular wick be- 
comes chemically decomposed : that is, resolved into its 
separate constituents, hydrogen and carbon, by the heat of 
the film of white hot flame which encircles it ; but, not meet- 
ing the required supply of oxygen, (which has uow to come 
from the outside current of air,) these constituents ascend 
uncombined, and, not meeting the supply until too late — 
until the ascending current has carried them beyond the 
temperature required for chemical nction, both necessarily 
pass away unconsumed ; the carbonaceous conetituent 
losing its gaseous character, assuming its former colour 
and state of a black pulverulent body, and becoming true 
smoke. 

The enlargement or elongation of the flame, therefore, so 
far from being an indication of increased combustion, is di- 
rect evidence of the contrary ; and it will hereafter be shown, 
that the leiuft/i of visible flame bears no relation to the ex- 
tent, much less to the intensity, of combustion or the quan- 
tity of evolved heat : flame being, in fact, not combustion, 
but merely an intermediate stage in that process, as far as 
the carbon is concerned. 

The examination of these successive processes and effects, 
in the flames of the candle and lamp, has always been con- 
sidered ao instructive by chemists, and offering such means 
of observing nature in her efforts to effect her purpose, that 
great attention has ever been paid to it. A similar study 
by our practical mechanics and " smoke-burning" inventors 
would enable them to perceive the great chemical errors on 
which their patents are founded. 

The conclusions we draw from this analytical examina- 
tion of the flames of the lamp and candle, and which we 




liav-e now to apply to tbe furaaca, are, tliat the gas evolved 
I'roni the combustible, be it oil or coal, " cannot burn" until 
its constituent atoms have come into contact with their equi- 
valent atoms of oxygen from the air ; that the want of heat 
was aot the primary, but tho induced or secondary cause of 
this want of burning faculty ; and that the ascending cur- 
rent had destroyed the chance of subsequent ignition by car- 
rying the gas into the cooling region of the air, by which the 
necessary diffusion came too late for ignition. Thus, in the 
case of the lamp, as well as the furnace, the necessary time 
is unattainable, and, therefore, diffusion is equally so, except 
by the compensating alternative of increased surface and ita 
affording an increased number of points for mutual contact 
in any given time. 

Many illustrations might here be given as to the value of 
the compensating power of increased surface in lieu of time. 
Among these may be mentioned, that produced by numerous 
jets of water in reducing the temperature of the surrounding 
air. The well-known cooling effect of a shower of rain is 
caused by the increased surface of the aqueous particles pre- 
senting increased facilities for the absorption of heat. 

I have dwelt particularly on this part of the subject, as so 
many errors in the admission of the air to the furnace are 
clearly referable to the neglect of this first principle of 
chemical union, — the bringing the combustible and tha 
supporter into contact, not by their masses, but by their 
constituent and elementary atoms ; and which, though so 
well understood and practised in the laboratory, has not 
been sufHciently distinguished and dwelt on by chemical 
writers as to enforce attention upon practical men. 

In looking for a remedy for the evils arising out of the 
hurried state of things which the interior of a furnace 
naturally presents ; and observing the means by which the 
gas is effectually consumed in the Argand lamp, it seemed 
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manifest, that, if the gas in the furnace eonld be presented, 
by means of jets^ to an adequate quantity of air, as it is in 
the lamp, the result would be the same : namely, a quicker 
and more intimate mixture and difiusion, and, consequently, 
a more extensive and perfect combustion. The difficulty of 
effecting a similar distribution of the gas in the furnace, by 
means of jets, however, seemed insurmountable : one alter- 
native alone remained, namely, that, since the gas could not 
be introduced by jets into the body of air, the air might he 
introduced h^jets into the body of gas. 

This, then, is my remedy. This is the means which I 
adopt, and by which I effect a complete combustion of the 
gases in the furnace, as we do in the lamp. Professor Brande 
has so clearly described the operation of the jet that I avail 
myself of his remarks in elucidation of the result produced 
by a jet of air into a body of gas, and the analogy it bears 
to that of a jet of gas into a body of air.* 

This process meets the entire difficulties (^ the case as to 
time, current, temperature, and quantity. By this means, 
the process ^ diffiision is hastened without the injurious 
effect of cooling ; and which always takes place when air is 
introduced by large orifices. 

* " When »ir is admitted in front <tf the famaee, or thxooi^ or oTer the ftiel, it 
obTionsly nerer can effect those useful purposes which are, at once, obtained by 
admitting it in due proportion to the intensely-heated inflammaUe Taponrs and 
gases, or, in other words, to the products <tf the distillation <tf coal, at such tempera- 
ture that they may take fire in its contact. In this way, each jet of air which you admit 
becomes, as it were, the source or centre of a separate flame, and the ellbet is exactly 
that of so many jets of inflammable or coal gas ignited in the air ; only, in your 
ftimace, you inrert this ordinary state <tf things, and use a jet <tf air thrown into an 
atmosphere of inflammable gas, thus making an experiment up<» a large and prac- 
tical, which I hare often made on a small and theoretical scale, in illustration of 
the inaccuracy of the common terms of * wmbustibte ' and * supporter qf combustion / 
as ordinarily applied. 

" I All a bladder with coal-gas, and attach to it a jet, by which I bum a flame of 
that gas in an atmosphere of, or a bell glass filled with, oxygen : of course, the gas 
bums brilliantly, and we call the gas the combustiUe, and the oxygen the sup- 
porter of combustion. If I now inyert this common order of things, and fill the 
bladder with oxygen and the bell glass with coal-gas, I find, that the jet of oiyi^nr 




In tfaie view of the case I was strengthened, by observing 
the effect of a jet of air tlirown by means of a blow-pipe 
into the body of gas — the " dark central cone" of the flame of 
a eandle, and where, if properly managed, the due equivalent 
of air may be brought into contact with the gaa without any 
injurious cooling effect. 

The difference, then, between the application of air by 
means of the jet, and that of the ordinary action of the 
atmosphere, consists solely in tlie increased surface it presents 
for mutual contact in any given unit of time, and by which 
a large quantity is so introduced as to meet its corresponding 
equivalent quantity of gas, while the latter retains the re- 
quisite temperature. 

And let us here examine how far this mode of introducing 
air to the combustible gases in the furnace is analogous (as 
to its power of aiding diffusion) to that produced by a blow- 
pipe. Let fig. 49 represent a section of one of these diflu- 
sion jets ; a a will represent the exterior surface of the jet 
or column of air, impinging, by reason of its onward 
motion, against the interior surface, g g, of the body of 
gas to be consumed ; and through which it forces for itself 



nuiy be inflamed in the atmosphere of ajat-gat villi exactly the same gsuernl phe- 
nomena u when the jet o( oooJ-ikm la InflaniBd in the atmoaphere of ojjjwi. Thl« 
in preciulf yonr proces*. You admit a nnmber Df Jets of air into a heated, iaflam- 
mableatmoBpbere.and so attain itacorabnatioa in aach a m; as to ptodnce a great 

TwO,, eonrerl what is lommouly calLed smoke Into fuel, at the time when and place 
ffkere Chla oambnatlon can be most efffeotlTely brought about."— Pio/^sior Bromfi'i 
LeUtr to llv. JvOor. 

On the subject of the jet Dr. Ure also observea ;— " la the caae of ^reatsteam- 
boiter ramacea, since these are fed at ehort Intervals, your plan of distributing 
atmospheric lUr, In a regulated quantity, by namerons Jets, through the body of 
the gaaifonn matter, la poouliarly happy, and muat eitract the whole heat which 
the eombuatlble la capable of afTonliuK ; and your mode of supplyins atmoBpherie 
oxygen will prevent the poaaibility of the eorbon of the coaia esenping in the state 

naoes."— i>r. Unl Letter to IA« AaOar. 
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a passage, forming the column, or hollow double cone, 
shown in the figure. 

Fig. 49. 

GAS S^ 
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Hare the appearance as well as the operation corresponds 
with that of the blow-pipe, conveying the idea of a jet of 
actual ^/Jo??}^, rather than of air^ so instantaneous is the com- 
bustion when equivalent atoms approach each other, and so 
efficient is the operation, by means of their extended surfaces, 
in aiding atomic di£Pusion. Here (as also in the blow-pipe) 
the process differs from that of the flame of a candle, in be- 
ing reversed ; the air being interior in the former, and exte- 
rior in the latter, as explained by Berzelius.* 

Thus we see, that the peculiarity as to the action and 
value of iho jet arises from the circumstance of its forcing or 
creating, as it were^/or itself, a larger surface for contact, by 
which a greater number of elementary atoms of the combus- 
tible and the supporter, the '* comburanT, gain access to each 
other in any given time. The "solar lamp^ (a great 
improvement of the Argand lamp) is an illustration of the 
effect of increased surface created by virtue of an impinging 
current on the outside^ as the blow-pipe does on the inside, of 
the mass to be consumed. 



* " Si done, avec le bee dim ehalumeaa, on dirige un courant d'tdr dans le milieu 
de la flamme, on volt apparaitre devant I'oaTertare de rinstrament une flamme 
bleue, longae et 6troite, et qui a seulement ehang^ de forme, se tronvant alon con- 
centree au milieu de la flamme, et constituant un cylindre etroit, an lieu d'envi- 
rowMT la flamme."— Vol. viii., 152. 




The space between the two eurfaees of air and gas, a and^, 
in fig. 4, represents the " thin film of white hot vapour", or 
flame, (see page 101,) where combustion ia carried on with 
the greatest onergy. The increased calorific power produced 
by this mode of acting, hi/ jet, will, therefore, be in the ratio of 
the entire exterior smfaco of this visible cone of flame to the 
fiectional area of the orifice alone. 

But the value of the jet (as a diffusive power) arises from 
this, that it creates not merely an enlarged surface of air, 
but a corresponding enlarged surface of gas, both having, at 
the same time, "the nearest possible contact" over the 
whole of these artificially produced surfaces. 

This diffusion, so produced by mere pressure of the atmo- 
sphere, has a striking advantage {for the purposes of the 
furnace) over that created by force and injection through the 
blow-pipe, namely, that by the former no more air will enter 
by any one orifice than is required, and can be absorbed, 
beneficially, by the gas with which it there comes in contact ; 
nature, as it were, not overcharging herself : whereas, in the 
case of the latter, (the blow-pipe,) much judgment and ma- 
nagement are rei|uired as to the quantity of air injected to 
prevent overcharging. For, if (by the blow-pipe) this 
quantity be minus of what the surface portions of the gas 
require for saturation, that portion which does not re- 
ccivo its equivalent will pass away without aiding in the 
operation.* 

On the other hand, if the quantity h&plus of the saturating 
equivalent of the gaa, a cooling effect will be produced, even 
though the air injected be at a high temperature. For, let 
the temperature of the admitted air be what it may, it must 




eorUin dBgra de force tnenufi* : ri I'c 
tuflcz Tire, ct li cbateor n'littelnt pas 
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be considerably below that of the envelope of Hame, and, 
therefore, will produce a commensurate cooling effect. ■{■ 

The evil to be remedied, then, in the furnace, is not the 
want of a sufficiently elevated temperature ; neither can the 
introduction of heated or hot air remove it. The evil, even 
where the proper gross volume of air is admitted, arises 
from the approach or contact of any portions of euch gross 
volume of air, to portions of gas, (however small they may 
be,) beyond what can instantaneoualy combine with such se- 
parate the portions of gas; that is, being ine.xcessofwhat is 
rigidly due to theatomsofsuchportionsof gas. To bemore 
precise, the practical evil in the admission of air to the fur- 
nace arises from the presenting a greater number of its atoms 
to any given number of atoms of gas, in any one locality, or 
in any given time, than can obtain contact and be chemically 
united, m, the instant, with such atoms of gas. 

Now, this inequality in the distribution of air, and the 
destructive cooling influence it creates, cannot be avoided by 
any plan hitherto adopted ; because the orifices of the pipes, 
conduits, or other means by which air has been made to 
enter, admit quantities immeasurably greater than can be 
combined with the small quantities of gas with which they 
come directly in contact. 

Air may be in excess, as regards its effects, though, as re- 
gards quaniiti/, it may be below the saturating equivalent 
required by the gas to which it is presented. Its cwoling 
influence will therefore operate, not in proportion to the gross 
volume introduced, but to the inefficiency of its distribution. 

Air may bo in excess, and always is so, in the furnace, 
when introduced in quantities beyond what is due to the 

I " FUiDfl ia Roaeous lustUr bo hixlilr bentuJ lu tu be lumlnoQS, utd that to a 
(1»Bree of Icmpornture beyooa tlis white heat ot solid faodloB, as is shown bj the 
air nut luminous wili coiiimiiniFutc this degree ol Iieat. The 
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surface atoms, or superficial Btratum of gas which it^rsi ap- 
proaches. Neither can this evil be remedied by such excess 
subsequently meeting with gaa requiring such oxygen or air. 
The mischief is done by its cooling influence on those atoms 
which do not come into contact, and which, being at once 
reduced below the temperature of ignition, are paralyzed in 
their action. Thus, air, when in excess of the absorbing fa- 
culty of the gaa it encounters, instead of engendering heat, 
produces cold. The result is, that both are negative, or lost, 
to the operation of the furnace. 

The effect of excess or deficiency, then, is not to be judged 
by relation to the volumes in gross, but to tlie joint capaci- 
ties or combining powers of the respective portions of air and 
pas which meet in collision, and with reference to the rela- 
tive surface which each presents to the other. On the ma- 
nagement, also, of these relative quantities and surfaces will 
depend the rapidity and simultaneousness of the action, and, 
consequently, the intensity of the heat evolved ; " the heat 
of flame," as Sir Humphry Davy observes, " being propor- 
tional to the rapidity of combustion." 

The distinction here pointed out being one of paramount 
importance, as a further illustration, I have annexed a dia- 
gram, (No. 14,) in which the mmimum, mean, and maximum 
effects of surface-contact are brought practically before us. 
This diagram represents the following sections : 

Fig. 1. — Of the flame of a common candle. 

Fig. 2.— Of an ordinary single jet of gas. 

Fig. 3- — Of a jet from one of the orifices of the furnace 
diffusion-tubes. 

Fig. 4. — Of a jet formed by the blow-pipe. 

All these figures are given of the full ordinary size ; the 
atoms of air and gas, however, being necessarily represented 
of large dimensions, that their respective situations and action 
may be the more perceptible. 
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Fig. 1 is the section of the flame of a common candle. 

The aeriea of circles, a a, represents the lino of atoms con- 
stituting the interior surface, or stratum, of the air endea- 
vouring to obtain contact with the atoms of gas, ff g, which 
constitute the exterior surface, or stratum, of the " dark cen- 
tral cone" (see page lOi). The intervening space, j>^, will 
then ho occupied hy the atoms from these two surfaces, as 
they mutually ohtain contact and are chemically combining 
— giving out heat — and forming products of their union. la 
this place alone comhustion is going on., forming the " brilliant 
conical envelope", — properly speaking, thejlafos:* and here 
we have the minimum, or lowest degree of heat. 

Fig. 2 represents the flame of a single gas-jet. Here the 
inner superficial stratum of the air, a a, and the outer super- 
ficial stratum of the gas, g g, are similarly circumstanced to 
those in fig. 1 : the action of the air is also the same, which, 
in both cases, is pressed against the gas with a force equal to 
the barometrical pressure alone. 

Fig. 3 represents a jet from one of the orifices of the diffu- 
sion-tubes, as shown in diagram 9 : the relative position 
of tlie air and gas being now reversed, the air being inside 
and the gas outside. 

Fig. 4 representsa jet occasioned by the action of the blow- 
pipe forced into the body of unconsumod gas collected round 
the wick of the candle or lamp, tho atoms of which are 
" waiting their turn" to obtain contact with those of the air. 
Here we have the maximum of heat. 

Let uB now inquire into the causes of the difference in the 
heating powers of these four states of fiame. In fig. 1 we 
saw, that contact was obtained by the mere pressure of the 
exterior air against the gas evolved in the interior, — the 
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relative quantities of each brought into contact being necessa- 
rily limited to the extent of their respective surfaces, and the 
rate at which their union is effected ; and, since both these 
were at the maximum, the heat given out was also at the 
tmnimunt. 

In fig. 2, the action of the atmosphere and tho amount of 
ita pressure being the same aa in fig. 1, we sliould naturally 
infer, that the quantity of gas consumed and heat produced 
would be the same. That, however, is not the case ; for 
liere a new feature is induced, tho gaa, being forced by me- 
chanical pressure against the atmosphere surrounding it, 
creates, for its own purposes, an additional extent of surface. 
The result is, an increased measure of contact — of chemical 
union — and combustion. In this we find the first character- 
istic of the jet, as contradistinguished from the action 
resulting from mere rarefaction, as seen in the case of 
the candle. The difference between the quantity of heat 
evolved by these two descriptions of flame will be as the 
difference of their contact-surfaces produced in any given 
unit of time : for in this alone is there any variance. This, 
then, I call the mean heat between the extremes of the can- 
dle and the blow-pipe. 

In fig. 3 we have an entirely different state of things, 
demanding special notice. In the last example, (fig. 2,) ths 
gat-jet was set in motion from vntkin, and impelled, with 
increased activity, against the air, which was outside o 
We now reverse this order, by giving the air an impulse 
from loiihin, against the ^as on its outside. 

Aa far as mere mixture or diffiision is concerned, we 
should infer, that the effect would be tho same in both cases : 
namely, that the two gaseous bodies would mingle to the 
same extent, whether the air were inipolled against the gas, 
or vice fieraa; inasmuch aa, the amount of operating influence 
being the same, like cause would produce like effect. 
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This, in fact, would be the case, were we merely calculat- 
ing forces : for, whether A be propelled against B, or B 
against A, the same amount kA force is generated and ex- 
perienced by both ; the resistance being equal to the pressure, 
it being then a case of mere action and reaction. 

But, in the case before us, there are other circumstances 
that require to be taken into consideration besides the mere 
amount of force. We must take into account the relative 
quantities to be mixed. The diffusion essential to the com- 
bustion is, then, not as between A and B, but between 
A^ and B : that is, between four atoms of air and one of 
gas ; or, what is still more to the point, ten volumes of aw 
and one of gas. — (See diagram 1.) It thus becomes im- 
portant to consider which is to be the vtumng body, and 
which the body to be moved — which is in the active and 
which in the passive state ; inasmuch as we find the quan- 
tity of combustion is considerably influenced by this cir- 
cumstance. 

In the case of the candle flame, fig. 1, and the gas-jet, fig. 
2, the gas impinges against the air by the force of its ascend- 
ing faculty alone, or by the mere power of rarefaction ; and, 
meeting the air in its sluggish or inert state, the volume of 
gas is not able to obtain contact with its equivalent (ten vo- 
lumes) of air, except to a very limited extent, wn^il too l€Ue ; 
that is, until one or both have been carried beyond the 
temperature required for chemical action, and hence the 
low calorific effect and the great quantity of smoke 
produced. 

If, however, as in fig. 3, we impart to the air the impul- 
sive effect, its action becomes accelerated, and we thus in- 
crease, practically, the extent of its diffusion and chemical 
action, up to the point of mutual saturation. 

In fig. 4 we have a similar illustration, but more strikingly 
exemplified, by reason of the increased impulse given to the 




air, and which compensates for the smaller admission-orifice, 
as compared with the preceding case. 

This impulse, however, in either case, must be judiciously 
managed, or the gas will bo overcharged by the air pro- 
pelled against it, and a reaction will ensue from the cool- 
ing influenco of such excess of air.* 

Thus we see, that a smaller orifice, with an increased im- 
pulse, produces a greater effect than a larger orifice, with 
diminished activity in the air. The result merits more 
attention than can hero be given to it. 

There ai'e several other circumstancBs which tend to in- 
crease this difi'usive influence and its effect ; but to go more 
in detail would be departing from that practical application 
to which I have endeavoured to confine these observations. 
Amoug these, however, may be mentioned a very important 
class, namely, those arising from the valuing temperatures 
and bulk of the gas or air at the time of contact. This, 
however, will be considered more appropriately hereafter, as 
much error exists on this subject among practical men : 
great attention being paid to the heating the air before its 
admission to the gas, and which is often attended with 
injurious results; instead of heating the gas before it comes 
in contact with the air, which would be attended with useful 
results. Here again we see how tho neglect of the chemistry 
of combustion has led practical men astray in pursnit of an 
imaginary advantige to the neglect of a real one. 

All these favourable circumstances combining in the action 
of tho blow-pipe, we there find the maximum, of heat, though 
not of liff&t. This distinction, however, not being directly 

* " Taut qae to qiiiuitlt« d'aii q.ul vloab lectier In Biuumen'eiccde pu iiolle qui 
ertneooMulnilBOOinbiiation. i»!1b-c1 est uccBlcrec por i« c™m«(, la lemporature 
Ha la flninme •■aJTs, et iteTicnt pliia brtlllimM, qnoiquo iTunu raoliidre ttondue. 
Mais wiuitot que wtta Umite eat Aipaaate, Veuxt dtir sac U Oaiume i1 iisliMQ^ 
eul^Ta JbIu tcmporatiire iinilnl ^talt propre."— Pfionm: Train 




connected with the matter under consideration, to enter on 
it would be a digression, which would not here be justifiable. 

This analysis of tho action of the air enables us to com- 
prdiend the principle on which these diffusion-jets produce 
superior heating powers ; and we see how cloeely they are 
allied to that of the action of the blow -pipe ; being, in fact, 
perfectly analogous in principle, and differing only in degree. 
We also here trace the source of the intense heat produced 
by the action of the blow-pipe. In its flame we perceive, 
that the whole of the numerous atoms forming the two con- 
tiguous surfaces, a a and g g, arc simultaneously encounter- 
ing their respective equivalents, — entering into chemical 
union, and producing combustion: in fact, changing elec- 
tricities. During these several processes the air ia in a con- 
tinuous outward motion, by the force of the pressure or blast 
impinging on the interior stratum of the cone of gas, and 
drawing, in the same direction, the heated products of their 
onion. Hence we have a current of accumulating heat and 
evolved electricity, converging towards a given point, and 
there concentrating with an intensity proportional to the ex- 
tent of surface obtained and the rapidity of the current. 
Thus we have the cause of its niaxlmitm of heat.* 

But there is a feature in all this which must not be over- 
looked, namely, the relation which these extended surfaces 
and their mutual action bear upon the question of tifne, for 
Itere lies the source of quantity and intemitjf. These latter 
are, in fact, resolvable into the quantity of effective surface 



• Let us connive Ibeae mrfncss. u luid ; 
eleetHoat afltton : a charged pwdlivuly. and 
ntomi or whidl they ale formed, during the a 
nre in a npid molion. verging towards a coi 
tOBcelTe the oatnre and eilcnt of that toate\ 
eue, lUppoBitig tlut the inner IkhI]' formeil n 
of hydrogen, the latter will gire ont negative, 
The reaulta will bo found In the giroducta gene 
■d )if those prvdueta. 



dthia the Hpheie of ehsmical or 
negatlicly; and, farther, that tho 
of chsnglnR their electric atatea. 
ion point. Wo can. then, ewlly 
stiDii which muat enme. Id tbhi 
earn of oxygen, and the ont^ one 
Hi the former positive eloitricity. 
If d by their union, and the intense 



obtainahle in anif given unit of time; for ejictiee eur/ace is 
here only another term for quantity m the combining atoms; 
aa titm is but anotlior tenn for their effective diffusion and 

I have dwelt thiL? much on this point, because the ad- 
vantages obtainable from the mode I suggest of introduc- 
ing air to the gas arise, mainly, from the peculiarities inci- 
dent to the action of the jet, aa compared with any other 
mode of bringing these elements of heat together ; these 
peculiaritiea being irrespective of the causes which produce 
them, whether they be the result of the natural indraught, 
as in the furnace ; or of exterior force, as in the blow-pipe. 

Turn the matter, then, aa we may, the question of perfect 
or imperfect combustion, aa far as human means aro to be 
applied, is one regarding the air, rather than the combustible 
— the mode in which it may be introduced, rather than the 
quantities supplied — the contact of atoms rather than of 
masses. 

But why should the practice, at the present day, require 
that WB should have to enforce the necessity for mariage- 
went in the introduction and distribution of air to the gaa in 
the furnace, seeing that it ia so analogoua to the mode now 
universally recognised in bringing gas to the air in the lamp I 
Perfect mixing and diffiision being the objects sought, all 
that science, ingenuity, and experience have established aa 
sound and useful in the one case is equally so in the other : 
and in the application of skill or judgment in pursuit of this 
object, it makes no difference whether we speak of bringing 
gas to the air, or air to the gas. 

From what has been said it will be manifest, that tliat 
remedy will be the best in practice which will best enable 
us to effect the following purposes : 

1. Establishing a complete control as to quaKlitgovvr the 
admissioa of air to the gasmus matter iu the fiimace. 




124 

2. Establishing a similar control over the admission of 
air to the carbonaceous or coked portion of the coal resting 
on the bars. 

3. Keeping these two supplies so distinct that they can- 
not mar each other's functions by influencing the quantity 
or quality of either. 

4. Restricting the supply of air to the ignited carbon on 
the bars to what is required for its own special process of 
union and combustion. 

5. Accommodating the supplies of air to the consecutive 
character of the several processes which take place in the 
furnace, by introducing it in the right place. 

6. Enabling the air to overcome the impediments to its 
diffusion among the gases, resulting from their varying specific 
gravities, 

7. Preventing any cooling operation m the furnace, by 
presenting no greater portions of air to any portions of gas than 
can be chemically combined with such portions respectively. 

8. Counteracting the evils arising from the current or 
onward motion of the combustible gases on their being 
generated, and which current so obstructs their incorpor- 
ation with the air. 

9. Presenting the largest possible surface^ for mutual 
contact and diflftision, between the constituent atoms of the 
gas and those of the air, with the view of compensating for 
the want of time. 

10. Ensuring, not merely the introduction of an adequate 
quantity of air to the gas, but the completion of their pre- 
paratory mixture, before either has passed beyond the range 
of the temperature required for chemical action. 

These several heads will be found to embrace the essen- 
tials towards obtaining as great perfection in the process of 
combustion, and, consequently, as high a calorific effect, as is 
compatible with the conditions of a furnace. 




Let ua now eee how far tho proposed mode ■will satisfy 
theee desiderata. 

The diagrams 9, 10, and 11 will illustrate tho principle 
on which the proposed remedy ia foundeil, as follows : 

1. The air is introduced by meana of a aeries of distribu- 
tors, or diffusion -tubes, with numerous small orifices, through 
which it will enter, ag through a series of jets or blow-pipes. 
The effect of this will bo the obtaining the largest possible 
extent of contact-surfaces for the air and gas, by which tho 
want of time will bo compensated. 

2. The air is introduced to the gas from a separate cham- 
ber, wholly unconnected with the aslipit (which latter acts 
the part of an air-chamber, for tho carbon on the bars): 
no interference, therefore, can arise, and no deterioration of 
the air passing to either can take place. 

3. The air, being introduced in Jets, acquires a force by 
which it is enabled to penetrate the mass of gases which 
it encounters in their onward current ; thus materially aid- 
ing tho process of diffiision. This quasi process of injection 
also tends to neutralize the effect of the varying specific gra- 
vities of the several gases ; the heavy atmospheric air being 
thus forced among the hydrogen and other lighter gases. 

4. These diffusion-tubes are spread over a large surface of 
the flame-bed. The effect of this is the preventing any ex- 
cess of heat in any one locality ; giving a more available e.x- 
tent of active flame to the boiler, corresponding, in effect, 
with an enlargement of the furnace. This arrangement, also, 
accommodates nature in the eonsecufive processes of combina- 
tion and combustion, as the hydrogen and carbon i 
sively come into action. 

In suggesting this modo of effecting the due mi.\ture 
of the air and gas, I do not affect to say that it is tho best 
for accomplishing the desired purpose. AVhat I do a 
is, that I have directed attention to the true causes of the 
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impcHeet eombiHtim nhith at [w ea cnt preruk in oar tar- 
Dace* — to the tnie piineiple oo tiiadi ibej naf be impcmred 
— and to the part which cbeinutt7 haa to act in rdbnning 



Before concluding tlua notice on the mode irf eflecting the 
combnatioD of the inflammable gase^ I cannot omit adding 
a few words on some of those reccnnmended br others; 
namely, such as are founded on the errmieous idea, whidi 
appears to bave laid bold of tbe minds o( so many inventors 
of late years, that the gases are eonsutaahle by being brought 
into contact with a body o{"ffloKiatf incand^semlfu^r This 
will be inqoired into more in detail when I come to exa- 
iniiia tbe various plans of " smoke-bnming" furnaces and 
lioileni. I am here only desirous of checking that misappli- 
cation of talent and means which tbe adoption of this funda- 
mental chemical error induces, and giving tbem a more cor- 
rect and useful direction. 

The leading condition of the combustion of the inflamma- 
ble gasos being tbe mixture with the oxygen of the air, in 
gitgn quantities and at a givm temperatitre, these inventors 
have, in too many instances, exclusively directed their atten- 
tion to the latter to the utter neglect of the former. Now, 
this is unquestionably the condition which demands tbe least 
attention at our bande, for though increase of temperature 
favours the ignition of the gases, not even that of incandes- 
cence can effect their combustion. 

With respect to the bringing the volatile products of coal 
(gas, or smoke, or whatever they may be called) into contact 
with a body of incandescent fuel, the result will be the re- 
vtraa of that on which these patentees have based their pre- 
tensions : namely, the ahorption of heat by their expansion 
and decomposition, instead of giving out heat by their com- 
bustion. This fact has long been known, and, in one of 
Dr. Henry's Papers, {vol. iii,,) read to the Manchester 




PhiloBOphical Society, above twenty years ago, he saya, "It is 
a widl-knovm property of both the varieties of the carburretted 
hydrogen, that they deposit charcoal (virtually I 
smoke) when heated ; and M. Borthollet has ahown, that the 
amount of this effect ia proportionate to the increase of temper- 
ature." 

This erroneous notion of the supposed combuation of 
the gasea, (or smoke,) by bringing them into contact with 
a mass of " glowing coals," appears to have originated with 
Watt ; and, having been adopted by Tredgold and others, 
has since passed into a recognised principle, — thus, by in- 
ducing a conventional mode of speaking on the economy of 
fuel, the error has been perpetuated. It appears strange, 
that, while so many have taken this as their text, or adopted 
it as their starting- point, none of these inventors have 
examined, or even doubted, ita correctneaa. Yet any che- 
mical work of authority would have informed them of the 
well-established fact, that decomposition, not combuation, is 
the result of a high temperature applied to the hydro-carbon 
gasea — that no possible degree of heat can consume carbon 
— and that its combustion is merely produced by, and is, in 
fact, its union with, oxygen, which latter, however, they take 
little care to provide. 

One of the most recent instances of this groat practical 
and chemical error that has come under my notice 
was exhibited in the plan adopted in some of the 
London steam-vessels during the last year, 1840, (See dia- 
gram 12, No, 1.) In this instance, the gas issuing from the 
body of fresh eoala on one set of bars was made to pass over 
and among the body of glowing coals on a second set of bara : 
and thia was done under the erroneous expectation that it 
would thus be commnsd, and become the instrument of giving 
out heat. 'Tis strange that such inventors would not firat 
inquire what is meant by being " consumed." 
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Now, in this contrivance, no attempt whatever is made 
to bring atmospheric air, the one thing needful^ into con- 
tact with this mass of heated inflammable gas. Indeed, 
it is manifest, on inspection of the diagram, that there 
existed no possibility for any approach of air to the gases so 
evolved. I mention these abortive attempts at combustion 
as illustrative of the gross errors into which the neglect of 
the essentials of combustion too often leads ingenious mecha- 
nical men.* 

The " combustion of smoke''* ^ indeed, seems to have been 

the grand desideratum ; and the cost of following this ignis 

fatuus is proved by the numerous patents which it has led 

to, from the days of Watt to the present time. In Newton's 

Journal of Arts^^ (August, 1840,) we find one (the last, I 



* *' This notable attempt at smoke-burning was made in the supposed pursuance 
of a patent granted for generating gas in retorts placed above the furnaces of 
steam-boilers, although it bears no resemblance whatever to such patent. The 
plan proposed by the patent consisted in placing the fresh coals in iron retorts, 
from which the gases generated were to pass in contact with the red-hot carbon- 
aceous matter, or coke, produced by the previous charge. On the gases being 
expelled, the residuum, or coke, was to be taken out and placed on the bars of the 
grate beneath, by which, the gas, from the succeeding charge of the retorts 
was, in its turn, expected to be consumed. It may here be observed, that this 
mode of aiding the heat in furnaces is equally unsound in principle as the above 
with the double set of bars ; inasmuch as no means whatever are provided for 
bringing the air to the gases so generated."— Pa/e«^ granted to John Boume^for 
** certain Improvements in Steam-engines, and in the Cotistruction o/BoUers, Furnace*, 
and Stoves." 

t ** The object of my invention, being the more perfect consumption of smoke 
and consequent economy in fuel, is effected by such novel arrangement and con- 
struction of the furnace, or fire- place, as the first or outermost set of fire-bars 
is intended to receive the fuel when it is first introduced into the furnace, and the 
charred or red-hot coal is to be passed backwards, and thus placed upon the second 
or jrcoveable set of fire-bars, and immediately raised by the sliding carriage close to 
the bottom of the boiler, causing the smoke to come in contact with the charred 
or red-hot coal, and, as it rises from the green or tresh coal, in the front part of the 
furnace, it vnU be perfectly consumed in passing over the second, or red-hot fire, 
instead of being allowed to escape with the gaseous products to the chimney."— 
Patent granted to Janies Drew, for '* an Improvement in the Means of Consuming 
Smoke and Economizing Fuel in Steam-engine and other Furna/ces** 



trust, of the serira) in which the changes are rung on the 
same theme. (See diagram 12.) 

In this patent, the smoke, '' as it arises from the green or 
fresh fuel in the front of one furnace, is to be consumed 
red-hot fire of the second furnace." This patentee begins by 
informing the world, that " the object of his indention is the 
more perfect coiisamptioit of smoke." Consumption (i. e., 
waste) of coals would have been a more appropriate title. 
Yet, here is much ingenuity exercised (as in the cases just 
mentioned) in ensuring contact with " red-hot fire", which is 
not called for, or necessary ; yet, not one word do we find 
respecting its union with oxygen or providing a due supply of 
air; the really and only important condition required. 

These patentees, in fact, speak of the combustion of gases, 
smoke, and vapour as they would of burning a piece of 
wood by thrusting it into the fire. Yet, chemistry teaches, 
that heat has nothing to do with their combustion beyond 
this, that a certain temperature is essential to the develop- 
ment of chemical action between the combustible and the 
supporter, wAeit both are brought together. But providing 
lieat is not providing air ; neither is decomposition com- 
bustion. 

In Newton's Journal, of February, 1840,* we have another 
notable instance of the neglect of chemistry, when speaking 
of combustion. (See diagram 12.) We there have the speci- 
fication of a patent for " an improved furnace for consuming 



* " ThiA JA aObuted by dJTidjDjf tLe flunacfi. Eongitadinallj. iuto 
portii, inordcr to form two or mora digtinct Jire-pitKts, which are to 
with fuel ulternololy, allowing that In the adjoining areplace. oxer which tha 
■iDoke la Co b« directed, to haie beaitue eomptetelj led. Tho direction of the 
•raobo and guea is regulatsd by doDipcn pbccdittheendDt the furD:iceB,ia order 
IhBt the commnnicntioD with the Hue ma; be cast off from nicli fire-place while 
the fruh fuel [9 iDtroducing and tbu smoke emitted li drawn over the red-bot fnel 
nf the aeit flnplue. through n lateral opening, by whieh meani the arnake bt 
roaimmtd."— Potent ipvnird lo Thomat Hall, '■/orn/j/mpTOwrfFiirmHw/orroutrr 
Sinokc <VKf MMsniXiv f 1^." 
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MHok*, and [as » matUr ti ooone] eeooomint^ fneL" In 
tlist patent we hare the osoal icpetitMii of "the maoka 
Aod gMW arioiag from the tnwii rtw i [enor first] of a fndt 
•nppijr of iiiel, beootniiif; ammwid [error eecond j by paaaiag 
orertbeHiifweofagkmriBgbe in the fire-place oontigaom'" 
[error third.] 

Again : " The Huoke and vapour will be compelled to pass 
through the lateral opening in the partition, a, xad over the 
red-hot fael in the fire-place. A; which smoke and vapour, in 
their passage, will necestarilg become consumed, or put in 
* state of combustion" in the fire-place, B: and, winding 
np the story, we are told, that "the dense volume of 
smoke and combustible vapour, evolved at every fresh 
supply of fuel, may be conducted into the adjoining fire- 
place, where, by passing over the ignited red-hot fuel, it 
may become burnt and consumed "'.' yet, through the whole of 
tbiH specification aleo, we have not even a passing uiytice 
of the value which air would impart to this ingenious, but 
lamentably erroneous, smoke and vapour burning process. 

Here, as in moat of such cases, the use of the "red-hot 
fdel" in the furnaces is mistaken ; and, because red-hot fuel 
would burn the fingers, it erroneously is supposed capable of 
burning the gas : — the peculiar use of the red-hot fuel, aa 
regards the gases, being, in fact, not the causing their eomr 
hustion-, but their mere generation and subsequent decompo- 
sition, preparatory to combustion, on meetingthe due supply 
of pure air. 

Those three attempts at combustion which I have here 
described are all based on the same chemical error, namely, 
the bringing the gases evolved from a charge of coal on one fur- 
nace, or set of bars, in contact with, and to be consumed by, the 
body of hot glowing coals on another furnace, or set of bars. 

I regret liaving to take unfavourable notice of these inven- 
tions ; nor would I have done so were it not necesswy, in 




the course of proofs which I had to adduce, that those as- 
Biuned principles, which are so palpahly in opposition to 
chemistry, should be strongly and broadly pointed out r for, 
with a like chance of being right or useful, would a man who 
had never seen a ship, a compass, or the sea give sailing in- 
structiona for a voyage, as he who undertakes to give instruc- 
tions on the mode of effecting combustion, while ignorant 
of the relation between chemistry and that extraordinary 
and complicated process. 

This neglect of chemistry, when treating of combustion, 
cannot be too strongly exposed, neither can its study be too 
much enforced, seeing that it ia so practically within the 
reach of all. For chemistry ia no longer the mysterious 
alchymy of a century ago : it is now a mere rigid inquiry 
into nature's processes and laws, by the aid of those 
proofs and illustrations which nature herself has sup- 
plied. It has taken its place among the exact sciences, 
and now recognises no man's dictum or opinion, 
apart from experimental tests and atrict circumstantial 
evidence. 

Looking, then, to chemistry, I would add, in reference to 
these smoke-buming expedients, that, in seeking to obtain 
heat from gas, the bringing it into connexion with ignited 
carbonaceous matter, or to any thing approaching the tem- 
perature of incandesmce, is useless, if not injurious, wntil we 
are assured of having the means of contact with air fallg pro- 
vided for. 

Indeed, the temperature of incandesence, though it will 
increase the explosive tendency of the gas, and thereby _/(1!ctK- 
tate combustion, has yet no natural or chemical relation 
to the act of its combustion ; for, while it does nothing in 
aid of the generation of heat, it risks the loss of the latter 
by promoting the formation of other and injurious unions in 
the furnace, if the air be not supplied. 
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Sir H. IMtj- has shown, that the combustibility of the 
gasea is increased by increasing their temperature ; but thia 
combustibility implies their anion with oxygen. This onion, 
bowevcT, is strangely overlooked in the search after mere 
temperstare. Increasing the temperatore of the gas, by 
bringing it into contact with incandescent fnel, can only have 
the effect of increasing its capability or /acuity for combus- 
tion ; but does not produce or cause combustion. And here 
I may dilate a. little on the various attempts that have 
been made to heat the air previonsly to its introduction, 
while no effort is made to heat the pas, the value of which 
has been so distinctly proved, and which is so practicable in 
the furnace, as will hereafter be shown. 

Sir H. Davy observes, tliat, " by heating strongly gases 
that bum with difficulty, their continued inflammation be- 
comes easy"; and, further, that ^' expansion by heat, instead 
of diminishing their combustibility, (as bad been asserted,) 
on the contrary, enables them to esplode at a lower tempera- 
ture," Enabling them, however, to burn at a lower tem- 
perature, or increasing their faculty for combustion, is one 
thing, while bringing that faculty into action is another 
and a very different one. 

Let us take an illustration on thia head from the flame of 
a candle. The high temperature to which the gas in the 
centre of the flame is raised considerably increases its inflam- 
mability, or faculty of combustion ; that auch high tempera- 
ture, however, does not produce combustion (as is taken for 
granted by these inventors) is self-evident. 

" This vapour," observes Dr, Thomson, "is raised to such 
a high temperature, that it combines rapidly with the oxygen 
of the surrounding atmosphere. The flame of a candle is 
merely a thin film of white hot vapour, enclosing within 
a quantity of hot vapour, which, for want of oxygen, 
incapable of burning!'''* 

■. '■ On HB»t Biid ElBctriolty," by ThomM Thuinaan. M.D. IMO. 




Now, this is the whole case against these gas and snioko 
consumers. For, if high temperature could effect combus- 
tion, this little nucleus of gas in the centre of flame of a 
truly incandescent character woidd assurodly have been 
ooliBumed. Yet Dr. Thomson and all other authoriticB 
prove it to be " incapable of burning." 

It is the palpable oversight of this distinction, between 
increasing the facvMy of combustion and actually producing 
such combustion, which has led to that manifest chemical 
blunder, — tbe supposing that the coal-gaa in a furnace is to 
be burned by the act of bringing it into contact with bodies at 
a high temperature ; or, in the words of tbe patentees, by 
" causing it to pass through, over, or among a body of hot, 
glowing coals." Indeed, these words of Watt, "through, 
over, or among," have much to answer for : they have led 
more men astray, and have occasioned more waste of money, 
loss of time, and misapplication of talent than almost any 
other false light of the day. The three instances quoted are 
clearly referable to this source. 

In our efforts, then, towards effecting the combustion of 
the gaseous products of coals, it is essential that we steer 
clear of this hitherto unquestioned routine ; attending 
mainly to the question of air, and all that has reference to its 
introduction, distribution, and diffusion : for we may take it 
for granted, that the condition of heat is but a secondary 
condition ; since the required temperature will not be 
wanting in the furnace, if air be supjilied in the proper 
quantity, at the proper place, and in the proper manner. If 
these conditions he satisfied, the furnace cannot fail in sup- 
plying sufficient heat ; and will no more require the aid of a 
"body of incandescent fuel" than the flame of a candle or 
the jet of the blow-pipe. If, however, these conditions be 
not satisfied, an accesaion of heat cannot remedy the evil, 
however it may aggravate it. 
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iiiBmiwiiii bmre aa atm^elj ■ gr ee t ed, " lad b; mirimff U 
ttitikfinA «ir, whcB in theas eirannatinoCK." 

It is dear. Watt had s ri^fat e u ncfp t km of the necessity 
for mining air with the gas. His anx lajr in the extent to 
which he consadered the jipplicuian of heat eaeential to its 
combustion. HU followen and commeDtatOTa, Tredgohl and 
othen, hare neglected that part of his instmctions in wliich 
he was ri^t — the •' mixing with &esh air"; and have fixed 
their minds on that in which be was wrong — the bringing the 
gas or smoke '* ihrwigk, ora-, or amonff intensely hot foci.'' 



' WMti psteat. of 17S5, i9ee Itep«M<^ at Arts. toL It., p. SX,} conaUts " in 
eanilng the amoie or fltme of ibe fnsh fUal to pan, together with B cnrtent of &eata 
■It, thnnfrh, oier, oP UDDoel'iel which hu eeurd to imoke, or wblcb Ueanmt«d 
inUt coke, charcoaJ, or cinden. uid which is inteiudj hot, hj wbich tbo Braoke 
OT gtotier parts of the Same, bj coming dose into contact with, orhj being bninglit 
near unto. Che nid isteoKl; hot rnel. and bj being mixed with the eamnb of 
froab or nitbanit air, are cnninimed or conrerted into bfat, or into pate flaUka. free 
froranmoLe. I pat this in praeliee b j constrocting the flre-pIacB in aach a manner 
that the Hame uul the air which snimatea the fire most pan downwiLrdD. or later- 
ally, or boiiumtallTthrongli the burning Fnel. Is some eases, after the aBae baa 
pajuieil tlirough the burning fuel, I cause it to pass through a Terj hot fannel, flue, 
nr o*on buforo It comes to the bottom of the boiler, by which means the rnioke ia 
illU more tfdctaaap mmumal.' Negleeting the soand, aodedoptiagthe muonnrt, 
putotWalt'iajieelBiuitloniieveiil patents hsTe. ofbite yean, been taken out In 
tliB »CT)r wordii or the aboro. In one of these, by meana of doable furnaces, ono 
■born the othar, the gu genomted In the upper one is aetnally toroed or drawn 
ilowu by (ifiinclar imrrcriU lUrougli tlie ignited fuel in tlie luner omv 
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So niueli, indeed, was Watt impressed with the importance 
of intense heat that he actually provides both for the "fresh 
air''' and the gas passing through the hot fuel on the bars ; 
overlooking the facts, that, in that event, the air would no 
longer remain pure ; and that no heat to which he could 
introduce the air or smoke could equal that created in the 
furnafie by the very act of union between the air and the 
gas ; hut which he erroneously imagines can be aided by the 
heat of the " charred part of the fuel." 

Thus, we see, the very words of Watt, where he was in 
error, have been adopted to express the main, and, in many 
instauces, the only, feature of thei» smoke-burning patents ; 
while the judicious part of his ini>tructions lias been unaa- 
countahly omitted. 

I need only say, chemistry has since taught, that the whole 
process is either injurious or unnecessary; and that, if the 
introduction of the air be properly managed, the necessary 
heat for effecting combustion will never be wanting in the 
furnace. 

The mere enunciation, then, of a plan for " consuming 
smoke" is prima facie evidence, that the inventor has not 
sufficiently considered the subject in its chmnical relations. 
Chemists can understand a plan for the prevention of sjmie, 
but, as to its combustion, it is so unscientific, not to say im- 
possible, (if there be any truth in chemistry,) that such 
phraseology should be avoided. The popular and conven- 
tional jjhrase, " a furnace burning its own smoke", may be 
justifiable as conveying an intelligible meaning; but, in a 
scientific work, or from one professing to teach those ■who 
cannot distinguish for themselves, and who may thus be led 
into error, it is wholly objectionable. 

But let justice, however, be done to Watt. It is not his 
fault that the errors he committed should continue to he re- 
peated : he would have been among the iirst to benefit by and 





136 

apply the more correct principles of combustion developed by 
the rapid improvement of chemical science in subsequent 
years. My own views of the merit due to Watt, and the in- 
justice done to him and to science by so many of his ill-judged 
eulogists and followers, have been so ably and eloquently 
urged by Mr. Parkes, in deprecating this habit of blind 
submission to rules founded by one set of men on the in- 
complete experiments and imperfect knowledge of another 
set that I cannot better express my sentiments than by 
quoting his words : 

" The name, experiments, and practice of Watt are also 
very commonly used by writers on the steam-engine, as 
arguments and data for empirical rules which Watt would 
have been the first to repudiate. This is a system which 
cannot be too strongly reprobated. It has had the effect of 
restricting rather than of extending the conquest and realms 
of science ; and much injustice has been done to the 
character of these distinguished men by the excessive zeal 
of disciples. Smeaton and Watt were not merely engineers : 
they were great practical philosophers. Their career was 
marked by a succession of bounds over mechanical obstacles. 
Their writings exhibit a modesty becoming greatness ; and, 
in giving to the world an account of their experiments and 
discoveries, they never dreamed that they could be regarded 
as laws to control future ages, or be viewed otherwise than 
as progressive steps towards the attainment of a perfection 
in their favourite pursuits, which, they well knew, neither 
the life nor labours of any single man (however great his 
genius) could accomplish.'' — Parkes on Boilers and Steam 
Engines. Trans. Inst. C. E. Vol. iii., Part 1, p. 24. 



SECTION VIII. 



OF THE PLACE FOR THE INTRODUCTION OF 

AIR INTO THE FURNACE. 



The last consideration of the series, regarding the intro- 
duction of air to the furnace, has reference to the place or 
situation where it may act its part with the greatest effect 
in aid of the means by which nature works out her own 
ends in the process of combustion. 

From what has been said, it will be manifest, that the 
situation to be selected should not only be such as will 
favour its coming most advantageously into contact with 
the combustibles with which it is to unite, in their respec- 
tive states of solid and gaseous, but that it shall not inter- 
fere with any other of the processes going on in the furnace : 
otherwise, we risk the counteracting in one direction the 
good we do in another. 

These considerations are generally overlooked in practice, 
and the whole summed up in one indiscriminating, general 
rule, as expressed by Tredgold, namely, " that, in order that 
perfect comlustion^ or burning of the fuel, may take place. 
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the air should have free access to every part of the fuel 
which is heated sufficiently to bum." Here there is no 
discrimination between the gaseous and the solid, and no 
reference to quantity of air or any other condition of " per- 
fect combustion." This loose mode of expression, particu- 
larly when it conveys erroneous principles, is highly repre- 
hensible. Such dicta from such quarters pass current, 
and, becoming fixed in the minds of youth, present great 
obstacles to the introduction of truth.* We meet with no 
such inaccuracies in the works of our best chemical authors. 
Unfortunately, mechanical engineers look less into chemical 
authorities than is consistent with the science they profess 
and their real interests. 

I assert, in contradiction, that ^^free OjCcesi"" should not be 
given to any part of the fuel in any stage of burning, and 
that such is incompatible with " perfect combustion." 

The first consideration, then, arising out of the several 
states of the combustibles, is, that there be, at least, two dis- 
tinct places for the admission of the air, and that these 
be so situated that they be susceptible of separate 
control. 

Of the place for admitting air to the soUd carlon on the 
bars, it is manifest we have no alternative ; for, even if we 
had a more practical, it does not appear that any more judi- 

* To this general rule is added the following incomprehensible and, from a 
scientific man, nnpardonably careless and erroneous note : 

** Perfect combustion of the fael is to be understood only so fiu as it is consistent 
with obtaining the greatest degree of useful effect. It must never be pushed to that 
point when the gaseous products, and the air necessary to How the^e, consume 
more heat than the fuel generates." 

How ** perfect combustion" is to merge into this state of imperfection is unin- 
telligible ; and the idea of perfect combustion being ** pushed too far", so as to cause 
more heat to be consumed than it generates, is a chemical novelty. Again, how the 
** gaseous products" are to consume air or heat is equally unintelligible. The 
quantity of air necessary to " blow the fire" must be for others to discover. 
" Perfect combustion" being only consistent with the *' greatest degree of useful 
effect" is only another mode of saying it is to be consistent with itself. 




ciouB, plaeo could bo eolocted than directly from tbo aBhpit 
upwards towards tho bars and tbo fuel upon them ; yet, a 
patent has actually been recently taken out for reversing this 
order. This arrangement, indeed, cannot, as to place, be 
improved, inasmuch as the carbonized fuel, being spread on 
the bars, with an extended surface for the air to act on, 
presents the moat favourable mcaus of bringing both toge- 
ther: it being here particularly to be observed, that no 
greater quantity of air should be allowed to enter, in this 
direction, than what is strictly applicable, and required for 
the union with and combustion of tho carbonized portion of 
the coal. 

That portion, however, of tho air which is intended for 
the gas must be supplied from some other quarter, and 
requires another arrangement ; for, as we have boon warned, 
when treating of the qualitjf of the air, the channel Jj/ the 
ashpit and bars is the moat objectionable that could be 
selected, inasmuch aa it cannot reach the gas, in that direc- 
tion, without, first, urging, unduly, and in the way of blast, 
the combustion of this carbonized matter, and, secondly, 
without undergoing manifest deterioration and loss of 
oxygen. 

Tredgold contemplated introducing the entire supply of 
air through the ashpit and bars; and in the description 
attached to the plates of boilers and furnaces, in his work 
on " Ventilation," (lately republished,) this is put so dis- 
tinctly that it cannot bo misunderstood : " The gas which 
distils from the fresh fuel having to pass over the red-hot 
embers, through which the air from tlte ashpit ascends, will be 
inflamed," &c. Here we have the old error, namely, sup- 
posing that passing the gas over red-hot fuel is the means 
by which ita combustion is to bo effected. 

Mr. Parkes was the Erst, I believe, who suggested and 
adopted, in his patent of 1820, a sc])arate supply of air 
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to the gases, selecting the bridge as the locality. If the 
air is to be iiitroduued in a mass, or in any one locality, 
then the hollow bridge of Mr. Partes is unquestionably the 
most suitable ; because, the greatest body of heat being there 
collected, the etfect of its cooling influence would be attended 
with, comparatively, the least diminution of complete 
combuation. But it has been already shown, that the 
required supply of air is, necessarily, so great that it 
precludes the possibility cf its being introduced, at any 
one place, or through any few orifices, wherever they may 
be situated, without manifest danger from their cooling 
infiuenco, even though such air should previously have been 
heated,* and without producing an unequal and injurious 
effect on the contiguous portion of the boiler. 

In what place, then, should the air be admitted! This 
can only be answered by reference to the chemical conditions 
under which it combines with the gas ; namely, those of 
quantity — preparatory mixture or diffusion — and tempera- 
ture. For obvious reasons, these conditions cannot be satis- 
fied at the bridge, or in front of it.f We are thus reduced 
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I " When air la Bdmitted in front of the famKe, or through, or orer the fuel, it 
obTlonBly neter ciui eflijet those useful purponea which are. at onoo, obtained by 
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and gnees ; or. In other words, Ui the products of the diBtillatioD of cool, it «oeh 
temperature that they inay take fire in its contact. In this way each Jet of air 
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the effect is exactly that cif ao many Jeta of inflaromable or e<ml eat ignited in the 
air: only, in yonrrnmace, yon InvortthiB ordinary state of things, and nae ajetof 
Bit thrown Into an atmosphere of InSuninable gas ; thua making an eiperimenb 
upon a large and practical, which I have often tnade et 
scale, in illnstratian ot the ic-iccuracy of the common t 
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to the alternative, that, as the air to the carbonized fiiel on 

the bara must come from the ashpit, that to the gas will 
be best introduced beyond the bridge. 

Looldng chemically at the constitution and combustion 
of gaseous bodies, the only advantage which the locality of 
the bridge presents is the securing one of those conditions 
alluded to, namely, the required temperature. This, how- 
ever, it has been already shown, demands the least attention 
on our part, though unaccountably considered as the only 
one necessary, and from which so many of the errors of the 
present practice have originated. 

Were it possible to maintain a continuous high tempera- 
ture at a distance from the bridge, or a chain of igniting 
points or stations, the moat effective mode of introducing air 
would be by a corresponding succession of jets along the 
fines, (due regard being had to the entire quantity required,) 
thus feeding, as it were, the stream of gas through the line 
of its flight, and producing a continuity of combustion, op 
body of flame ; avoiding an extreme of heat in any one 
place, or a deficiency in another, until the last atom of 
gas had been supplied with oxygen, fired, and chemically 
consumed. 

And, if we consider what an enormous mass of gas is to 
be ignited and of flame produced, from a single ton of coals, 

" I flU 1 bladder nlth aaal-gss,aad attach tn It a jet, by which I burn a Some ot 
that gas la an attniuphere at, or a bell-Klas i filled vlth, oxygen : nt course, the gas 
buniflhrilUantly.iuid weeall the gaa the combortible. and the oxygen the Bup- 
porter of coitibnatmn. tl 1 now invert thla cumtuon order ol things, and Qll the 
bhidder with oiygan, and the bell-glass nith coal-gas, I find tbiit the Jet of aTt/aea 
may bo iDdnmed In the atmosphere of mal-tmi "itli exactly the same general 
plienameiu as vhen the jet uT eoiU-ffas la inflamed in the atmoapheie of <uiii/en. 
This Is preoLsely yonr proceu. Von admit a nnmber of jeU of air into a heaiflc], 
InSammable atmoiphere, and so attain ite combuation la auch a way its to produoe 
a great inerease ot beat ; anil, aa a necessary oonsequonce. destroy the smoke. 
Von. in faot. eonTert what la coiim only called smoke into fuel, at the liuir. ti'lien. 
and the ptiuv when-, this combustion ciui be mint effectiyely brought nbout-"— «r. 
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(supposing that all were consamed equally well, as in the 
Argand lamp or jet of gas light,) the inconvenience of 
having its actual combustion confined to one locality will be 
the more apparent.^ 

As, however, we have not discovered the means of main- 
taining such a succession of gas-igniting points or stations 
as is here supposed, we must manage to extend the edifices 
for the introduction of the air along the flame-bed to affi>rd 
time and space for diffusion ; limiting the extent to the 
means of maintaining it unextinguished, until the whole of 
the gas hds passed through its successive changes of prepara- 
tion, ignition, and combustion. 

With respect to the length of flame obtained in a furnace, 
under the present system, Tredgold considers six feet firom 
the bridge as the maximum available length, and which, he 
infers, should have direct reference to the length and shape 



* One ton of eoalB prodoees 10,000 cnbic feet of purified gas. Thefie require ten 
times their yolame of atmospheric air ; say 100,000 cubic feet— making, when duly 
incorporated, 110,900 cubic feet of explosive mixture, and which, when fired, 
would produce a full volume of intensely hot flame to that extent; and 
without adding any thing for that expansion which accompanies the act of 
combustion. 

Now, supposing this enormous mass of flame, or ignited gaseous matter, passing 
through the oriflce or throat of a furnace one foot wide and one foot high, (one 
foot square,) it would extend to a distance of no less than twenty and three quarten 
miles. Were we to take into account the flame from the tar, oils, and other com- 
bustibles, which are also volatilized in the furnace, through separated in the puri- 
flcators of the gas works ; and add, also, the proportion of air due to the combus- 
tion of the bi-carburetted hydrogen or olefiant gas, which is always present to the 
amount of ftrom ten to twenty per cent, in coal-gas, we see the volume of flame here 
described would be considerably enlarged. 

Of the heating powers of such explosive mixture we cannot have a better illus- 
tration than this, that, when we fire, in the laboratory, a single cubic foot of these 
110,000 cubic feet, the heat and explosive effect are considerable. 

Thus we see, that, though the loss of a few thousand feet of these 10,000 may not 
be considered an important consideration, yet the loss of a corresponding portion 
of this 110,000 cubic feet of inflammable mixture is not to be contemplated without 
showing us the extent of our loss. The question, then, is, not what portion of the 
10,000 wo lose, but what portion of the 110,000 we have converted into active flame 
for the purposes of the furnace and boiler. 




of the boiler.* Tliia assertion is evidently founded on the 
supposition, that there is no neccaaary preparatory proceas, 
and that these ais feet may be considered as the diatanco 
which actual flame traverses before its constituents are, aa it 
were, hurat out, or exhausted. This view of the nature of 
flame, however, is not supported by any chemical reasoning. 

But let ns inquire wliat causes these six feet, or any num- 
ber of feet. " Perfect combustion" (which Tredgold would 
instruct na to effect) would give no ^ew^(Aof flame whatever, 
and no smoke. It would, in fact, be explosive, as we witness 
it in tho laboratory ; for by no arrangement can we give 
length to flame, after having once effected the mixture of the 
combustible and the supporter at the required temperature. 

If, tlien, the length wliich flame exhibits in the furnace 
has, or ought to have, any practical connexion with the size 
or shape of the boiler, it would be important to inquire how 
it could be promoted or extended. But mere length of flame 
has already been shown (when speaking of the Argand 
lamp, page 109) to be direct evidence, that the process of 
mixing the air and tho gaa, preparatory to ignition, has been 
incomplete, by reason of a deficiency of points of mutual 
available contact and sufficient time ; this continuousness, or 
apparent length in flame, being, in fact, the measure, or in 
the ratio, of the time during which — not the comlustion, but 
the preparatory diffmi(m is going on. 

For we have no chemical reason or ground for sujjposing 
that flame is or should be conttnuoiis, or havo length, or even 
exisleacey at any distance from the point where its ignition 
commenced, beyond what is due to expansion alone. In 

« '■ TLB dlitanoc to which thejiuBK; and Aaated imokeora Are will eitend. is on 
to be i^rdua!. will depend on the draught of the chimney and the natnie of the 
fuel : from three to lix feet will he abont the range In ft well oonstrocted flro-plaoe ; 
that in, about ili feet with eoalg and a good dnught, and about three feet with 
eoke and Tery ilow dpaught. This, ot eourso, will regalate tho length of tlie 
boUor."— rmtooW UB rniHtatiim. is:sfl. 
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fact, length, or continaity of action, is inconsistent with the 
nature of gaseous bodies, or their chemical combinations. 

Apparefnt length, then, as I will term it, must be con- 
sidered as indicative of the succession of new atoms or 
sections of the combustible entering into combination ; that 
is, of a consecvitive process ; and not of the time actually 
required to complete the combustion of any such atom or 
section. This view of the nature of flame has an important 
bearing on its practical efficiency in the flues of a furnace, 
and shows us, that our attention should be directed to the 
promoting this consecutive character, or series of perfect • 
combustions, with their rapid combinations, as shown in the 
flame of the Argand lamp, see fig. 46 ; rather than as in fig. 
48, with its lengthened flame and imperfect combustion.* 

From this reasoning we are led to conclude, that where 
flame assumes a prolonged or lengthened appearance, as in 
the case of the candle, or even of the greatest conflagration, 
it is solely in consequence of the atoms of the liberated com- 
bustible gases being, by some cause or other, impeded in 
eflecting mechanical contact and diffusion with the atoms of 
the air; and having to '-^wait their turn''' in effecting their 
respective mixing and firing ; and not of any time being re- 
quired for actual combustion, to which the evidence of facts 
and the illustrations of chemistry are repugnant. 

Were we assured, that, in these "six feet'** of Tredgold, the 
entire of the constituents of the gas were adequately incor- 
porated with the air and consumed, no further inquiry 
would be requisite, and we might rest satisfied that combus- 

* This is shown by the fact, that, in some cases, on closing the air-admission 
orifice, 6, diagram No. 9, the flame assumes a lengthened appearance, similar to 
that exhibited on closing the orifice for admitting air to the gas in the interior of 
the Argand lamp, see fig. 48, page 109. Now, it is clear, that we are not jnstifled 
in supposing that this enlargement of the apparent volume of flame in the ftimace 
flue is indicative of a more effective combustion. The reverse, we see, is proved in 
the Argand lamp, where length of flame is the opposite of quantity, or intensity, 
either as to heat or light. 
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tion was complete. Uut tbe very existence of the " heated 
visible araoko" is proof to the contrary, and we know not 
how much invisiile heated smoke may accompany it. 

But " the distance," says Tredgold, " to which the flame 
and heated smoke will extend, so as to be effectual, will 
depend on tbe draught of the chimney" ; and this, again, is 
to "regulate tbe length of tJte hotiom of the boiler" This 
view of tbe cause of the length of flame is quite erroneous, 
and tbe inference is a great practical error. This length of 
flame, perceptible in the furnace, depends on the rapidity 
with which the essentials to combustion are satisfied, and 
the process completed ; and when these are satisfied, the 
shorter the flame, the greater will be the beat obtained, be- 
cause the act of chemical union will be the more rapid and 
intense. So far as tbe draught is concerned, it has no na- 
tural or chemical reference to the " length of the bottom of 
the boiler." When the draught is operative in producing 
perfect combustion, it tends to ehorten, rather than e^rtettd, 
the flame. 

But assertions of this kind have rendered it necessary 
that we should thns examine into the causes, chemically 
considered, of the length of flame. Length of flame, then, 
is not, in all cases, to be regarded as a good, from which 
advantage may be derived ; it may even be an evil, which 
should he avoided. It is visible proof, that perfect combus- 
tion is inconsistent with length ,' and that our object will be 
best attained in the furnace by a succession of flames, or 
jeta of flame, with perfect combustion, rather than by the 
length of any one mass of flame, which we have seen is the 
accompaniment of imperfect combustion. 

With these considerations 1 refer to the diagrams Nos. 
9, 10, 11, and 13, for some of the modes by which our 
purpose may he eflected. Any modification of the plans here 
suggested will answer, provided theprinciple be cirried out. 
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of introducing the air by way of jet$^ or various apertures, 
and securing adequate time or contact for diffusion. 

I conclude these observations as I begun, by stating, 
that I lay no claim to discovery or invention, or to any 
new view of the nature of combustion. I have merely 
sought to give the science of chemistry a more enlarged and 
practical application, — to enforce attention to the indispen- 
sable connexion between chemistry and the operations of 
the furnace, — and to the labyrinth of errors in which we 
inevitably become involved when we neglect its precepts or 
deviate from its laws. 

If any dispute my chemical details or illustrations, I shall 
not fight the battle with objectors, but refer to my autho- 
rities. On this head, though I might have enlarged my 
means of defence, I could not have added to the strength of 
my position. I have already a host in those whose princi- 
ples I have endeavoured to enforce, and the value of whose 
aid I have sought to extend to practical contemporaries in 
the same field. Among those I have consulted or quoted 
are, Sir Humphry Davy; Dr. Faraday and Professor 
Brande, both of the Royal Institution ; Professor Daniell, 
King'^s College ; Professor Graham, University College ; Dr. 
Thomson, University of Glasgow ; Dr. Beid, University of 
Edinburgh; Dr. Robert Kane, of the Royal Dublin Society; 
Professor Kelland, of Cambridge (now of Edinburgh) ; Dr. 
Ure; Dr. Henry; Dr. Brett, of the Royal Institution, Liver- 
pool ; and Dr. Dalton, of Manchester. Among the Conti- 
nental authorities are, Berzelius, Dumas, Chevreul, Pelouze, 
Borthier, Persoz, Berthollet, Thenard, and Leibig. I have 
taken these as my guides, and am not aware that I have 
urged any thing in opposition to those standard authorities 
of the present day. 



POSTSCRIPT. 



OBSERVATIONS ON THE MODES OF APPLY- 
ING THE FOREGOING PRINCIPLES TO 
PRACTICE. 



Having made several practical applications of the chemi- 
cal principles referred to in this treatise, I avail myself of 
thid opportunity to make some observations on the results 
obtained, and to draw some general inferences from these 
results, although in anticipation of what more properly 
belongs to the second part of this work. 

I have applied these principles, and the means suggested 
for effecting diffusion between the gas and the air, in a great 
variety of forms, and in furnaces of different descriptions, 
as applicable to stoves and kilns, marine and land 
engine boilers. The use of hot air, also, a point to which 
inventors have turned their attention, I have tested in a 
variety of ways. In some cases, the air has been raised to a 
high temperature, and in others it has been so introduced 
that it must necessarily have been cold when brought into 
contact with the gases. In both, however, complete com- 
bustion appeared equally attainable. 

As the relative advantages of hot and cold air will be con- 
sidered more in detail hereafter, I will here only observe. 
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that, if any general proposition were uow to be hazarded, 
the experience derived from numerous and varied triab, under 
steam-engine boilers, justifies the use of cold rather than 
of hot air ; and proves, that, in tbe arrangements of our fur- 
naces, attention should rather be directed to raising the 
temperature of the 0as to he burued, than of tlie air which 
is to effect its comhuBtion, previoufily to the two coming into 
contact. 

This view of the subject is also in accordance with what 
our every-day experience suggests ; a great difference being 
perceptible in favour of the completeness of the process of 
combustion, and in the heat obtained in the furnace, when 
the atmosphere is coldest, and even at the lowest tempera- 
ture, in frosty weather. 

The idea of an increased value from the use of heated air 
in our boiler furnaces appears to have grown out of its adop- 
tion, in what is called tho hot blast, in the manufacture and 
working of iron. The cases, however, are quite dissimilar ; 
and when alleged advantages have been attributed to the 
introduction of heated air, I have generally found that those 
advantages were, in fact, derivable from other causes not 
noticed by the operators. 

In diagram No. 9 is represented au ordinary land-engine 
boiler, with vertical tubes, placed above a chamber to which 
the air is introduced from any convenient situation. The only 
consideration being, that it be made to act independently of 
the current to the bars — the pipes or conduits for its intro- 
duction may be placed in any part of the ashpit, or through 
the water in the boiler, or through tbe adjoining brick 
work. In this plan, the gases, passing over the bridge, 
come directly into contact with the jets of air issuing from 
the orifices of the diffiision-tuhcH. 

In diagram No. 10 is represented a marine boiler and 
furnace, in which, from the contracted dimeneions of the 
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flues, a different arrangement boconies necessary. In such 
cases tlie vortical tubes might interfere with the free passage 
of the gaaos and flame, and obstruct the entrance for the 
purposes of cleaning and repairing. 

The arrangement shown in this diagratn consists of a 
series of perforated diifua ion -plates, placed at an angle of 
about forty-five degrees, and extending from the bridge to 
any required distance in the flues. A space is here left on 
each side of these plates, (as shown in section, fig. 2,) in 
which the dust and ashes collect, without obstructing the 
orifices of the plates. Both these arrangements ensure a full 
combustion of the gases, where the size of the flues is suf- 
ficiently large to admit of their introduction without cheek- 
ing the draught. 

In diagram No. 11, fig. 1, the air is introduced from a 
chamber to the outaides of a series of horizontal perforated 
tubes, through the orifices of which it passes inwardly, and 
thus its contact is obtained with the evolved gases in their 
current through such tubes. The result of this arrangement 
is rapid and complete combustion.* 



* Id ihi Iwenturi' Ad^yoeate, No, 80, a description ia given of a patent ffnnted to 
Cbnrteq Delbrack, for " impropemeats in apparalm Jbr applyitt^ comhvstibte giu to 
lie purpoia o/ieai-, and wMoh conlaliia the tollowing: notice of tbe mode adopted, 
ut the aScacy of which 1 hare no doubt, from the application of the principle of 
thejetaofalr. 

" CliUo Second.— The mode of eonstrnctlng apparatns for eoiuaming gas, thai 
applying it to Che porpoau of ptoducing heat, by causing a leriei ofjula of air to be 
propelled against, or near, a flame of gaa. 

" This apparatus consists of a chamber, throogh nhich a pipe, perforated with 
holes, pastes. Oas Is, at Ont. iatrodaeed into the chamber, and lighted, wlien It 
will bum wltb a soft fiamei bat, on the air tn^nff admitud thrauijv holes in the 
pipe. It will cause it to bum la Jels of flame, and the heat vlll be much increased. 

" Clalut Third.— The mode of inttvdiKiiio itu qf air into a tal>e Mromft wAiiiA iVK 
iijlammabu {/ui £i pmalaff. The ait la admitted Into the flame of the gas In a 
similar manner to that above described. The patentee prefers using carbaretted 
hydrogen when cheapness Is considered, anil pure hydrogen when great iateusity 



mired." 
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TiiiB plan is woU adapted to stoves, kihis, and furnaces 
for chemical and other purposes, where large volumes of 
combustible gases are generated, and where a great and 
uniform heat is required. 

In fig. 2 of the same diagram the air-tube is placed 
at the bottom of the chamber, where the air must, 
necessarily, be at the lowest temperature when coming into 
contact with the gases. Complete combustion is, notwith- 
standing, here also obtained. This mode has been found to 
answer the desired purpose where the evolved gases are not 
too copious, or the draught so rapid as to carry them onward 
into the flues before diffusion is effected. 

The appearance and character of the flame, in these two 
opposite cases of quick and slow diffusion, are so remarkable, 
and so different, as to merit a particular notice. In the 
first, fig. 1, the air passes from the outside of the tubes to the 
gases within them ; while, in the second, fig. 2, it passes from 
the inside to the gases without. In fig. 1, the air coming 
into collision with the heated gases in the interior 
of the tubes, contact and diffusion are instantaneously 
effected by the impinging force of the jet : no atom of 
gas escaping its equivalent of air. In this case, the 
flame and products of combustion issuing in fierce cur- 
rents from the several tubes, perfect diffusion seems to 
be effected on the instant of contact, as in the Patent 
Solar Argand Lamp, to which, in principle, it bears a 
striking analogy. 

The rapidity with which diffusion and combustion are 
hero produced presents an illustration of the fact dwelt on 
by Sir Humphry Davy, in his " Researches on Flame**', 
namely, the increased combustibility of the hydro-carbon 
gases when raised to a high temperature, (see page 132,) 
since they must necessarily become much heated in their 
passage through the hot difi^ion-tubes. 



151 



An important advantage ia this latter arrangement is, the 
iiieana it affords of effecting diffusion of large bodies of the 
f^ses generated in furnaces with very large fires, within the 
proper time: th:>t is, before the current has carried those 
gases into the cold region of the flues, by which they would 
be converted into smoke. 

In fig. 2 we have a different effect and character of 
fiame exhibited. Here the evolved gases, passing over 
the bridge, are projected downwards, and come into contact 
with the air as already described. In this case, the act of 
contact not being so sudden, as in fig. 1, more time is ob- 
tained, and complete diffusion and comb nation equally 
effected. Here the visible, that is, the carbonaceous, part 
of the flame appears to float, in soft, wave-like volumes, as an 
up])er stratum in this diffusion-chamber, presenting the 
beautiful appearance of what is calleil the fire-clovd ; the 
body of the chamber being, at the same time, filled with the 
products of combustion, clear and transparent. On stopping 
the admission of air, however, the chamber instantly fills 
with a dark cloud of smoke and unburned gases, as it would 
be in an ordinarily constructed furnace. 

The flame, in the latter case, does not assume the fierce 
projectile character it did in the former. Combustion, how- 
ever, being equally complete, the flues present the same 
intensity of heat, as indicated by the thermometer ; a faot 
that would not appear probable from the different characters 
of the two flames. 

By the process of mixing adopted in this latter furnace, 
we are enabled to distinguish the peculiar fiame arising 
from the combustion of the carhonic otide : a combustible 
gas which is copiously produced when the fuel on the bars 
becomes highly ignited and of a bright red. (See page 64.) 
" This mode of supplying atmospheric o-xygen,"" observes 
Dr. Ure, " prevents the possibility of the carbon of the 
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eoals escaping in the state of carbonic oxide gits, wlierflty, 
at jireacnt, much lieat is lost in our great funiacea." 

The peculiar colour and character of this ga§, in coinhua- 
tion, is here very distinguishable. Without diffusion, how- 
ever, this carbonic oxide gas, at a temperature sufficiently 
high for its ignition, (and which ia considerably lower than 
that required by the carburetted hydrogen gaa,) would escape 
by the chimney, to be consumed at its summit on meeting 
the air.* The importance of converting this gas to the 
purposes of heat, or even its existence in the furnace as a. 
combustible, ia wholly overlooked by engineers. 

In fig. 3 of the same diagram (No. 11) is given another 
illustration of a similar proeesa on the introduction of cold 
air. The chamber into which the air is introduced ia here 



* Dr. Kane, laUg Utter to tils nutlitir. obnrvaa, " The farniation of earbonio 
oxide, to wblofa t find. In Tout work, for the drat time, CIib nttentioa of practical 
men directed, la a source of loss at fuel to a leTT considerable eitent. When nr- 
bonle acid atreama oier a aarboe of ignited eharcoal artioke, it cannot be oonaldored 
to BTolTebeat IQ taking up an adilitionalequlTalent of carbon. This is leridedbr 
the tact, that the carbmic oxiile thua farmed glTea out, in burning, onl; the aame 
qoantltj of beat whieh the seeond equiyalent of earbon should ha»e given out. If 
It fonaed carbonic acid dirfcll^, Thla heat you ecanomize. and hence, even at thoee 
periods vben carbonic oxide is produoed, ;ou lose uu fueh whilst, on aU the 
ordlnarr plana ef avoiding Tiaible smoke, the fuel ia evolTed as carbonic oxide, and 
li either illently lost, escaping in inviaible gae, or bums at the oriSce of the chim- 
ney, wasting there the carbon which should tiave been econouiiied below.' 

Dr. Brett, onthesume subject, itdds. " Every ohe who obseries the voinmea of 
black amoke eacapiuK from the chimneys of mannfactoriea must be struck with 
the poaltiva loaa of fuel tbu.i BU3t:iined i yet, not only is the blick sniDlie lost for 
calocISe effect, but a further loss may be traced to the paaaing: olf of nbat may be 
ualK'd a amoke, though not visible— I mean uabnrat carbarettod hydrogeu anil 
tar^iiilc aridf. 

" On one oceaalon. whilst wittchinit the proceas of combnatlon. during its 
diffiMnt aloigea. In your experimental fumaoe, at that period when the hydro- 
carbona had Juat undergone combnstion, and the carbonaceous matter, or soke, was 
Nmainingon theiire-l)ars, highly ignited, I observed, when looking into the flue, the 
phODomanon of a peach-colonred Same mingled with one of a striking blue colour. 
The former I believe to have been produced by the burning of cynnogen: the 
latter was undoubtedly due to mrbanle. arUl£. I need hardly aay, that, without 
a proper aupply of atmoapherio air, Iheae gases would have escaped by the chim- 
ney, and so have been loat for calorific pnrposea." 




placed at the back of tlie bridge and in the coldest part, 
where uo heating influence could reach it. This diffusion- 
plate is perforated, and the jets of air come into contact 
with the gaaes aa tliey are projected downwards, presenting, 
in other respects, exactly similar appearances to those 
described in the last example. 

Diagram No. 13 shows other modes of introducing air to 
the gases to be consumed. Fig, 1 represents the front of a 
marine boiler in which the air-admission tubes are described 
in different situations. In section 1 the tube is placed at 
the bottom of the ashpit ; in section 2 it is placed in the 
centre of and parses thr<mgh the ashpit air-distributor ; in 
sections 3 and 4 the tubes are placed one <m each side, and 
corresponding with the bare ; in sections 5 and 6 they arc 
shown as passing through t/ie waler-taays in the boiler : in all 
cases entering the chamber behind the bridge. 

Fig. 2 of this diagram represents a section of a revcrbcra- 
tory or other furnace, where flame and heat, free from smoke, 
are essential. In this the air-tubes are placed betweon 
the bridge and the flame-bed, their number being propor- 
tioned to the sizo of the furnace. Here the air is repre- 
sented as passing from the outside to the gases within them, 
as aheady described in diagram 11. A cross section of this 
furnace is also here shown. 

Fig. 3 (same diagram) represents a cross section of a fur- 
nace or stove for heating iron plates. In this plan, the air- 
diff'usion plates form the crown of the arch, the jets issuing 
downwards against the gases as they pass from the furuace 
over the plates or other body to be heated. 

The whole of those varied practical illustrations prove, 
first, the absolute necessity for atouiie diffution between the 
gas and the air before thoy have passed into the flues and 
are cooled below the temperature required for chemical 
action ; and, secondly, that, if such diffusion be accom- 




154 

plished in the proper time, it appears unimportant in what 
precise manner or part of the flue it is effected ; or whether 
it be by a quicker contact and action, as in fig. 1, (diagram 
No. 11,) or by the slower one, with the compensating power 
of time, in a larger chamber, as shown in figs. 2 and 3. 

Effecting diffusion at the proper temperature being the . 
main object, the circumstances of large furnaces, from the 
necessarily large volume of air required, ^vould seem unfriend- 
ly to this operation, the cooling influences of so much air pro- 
ducing smoke before adequate diffusion has been effected.* 

A remedy for the evil may be had by dividing large 
furnaces into two portions by an internal partition, thus 
providing for alternate charging, by which means the 
volume of gas evolved, and the consequent demand for air, 
will be reduced to manageable quantities in each. 

In large furnaces the greatest obstacle to the absolute 
freedom from smoke arises from the irregularity in the time 
and mode of charging, and the consequent inequality in 
the quantities of gas generated — of heat in the body of the 
furnace, and of fuel on the bars. These considerations 
naturally suggest the great importance of supplying furnaces 
in a more regular and waiform manner. This, however, can 
be done only by mechanical means, several plans for which 
are already before the public. The value of mechanical 
agency, in this respect, will be more fully considered in the 

* " Smoke is the recFolt of the imperfect combustion of the volatile products, 
in consequence of their being mixed with either too small or too large a proportion 
of atmospheric air. Either of these circumstances, that is, too little air with a 
high, or too much air with a low temperature, causes the separation of the carbon 
from the hydrogen, and the consequent change of the carbon from the colourless 
state of gaseous combination into a black pulverulent form. 

*' The carburetted hydrogen gases require, as the condition of their combustion, 
first, that they be intimcUelj/ blended with an appropriate volume of atmospheric 
air; and, secondly, that the mixture be heated to the temperature of accension. 
The unignited gaseous mixture, in travelling through the flues, loses temperature 
very fast, and deposits the eliminated carbon in the form of sooty smoke."— £x- 
tract/rom the Specification of the Auihor's Patent, as revised by Dr, Ure. 




second part of this work, where I propose introducing a 
remedy for tlie above evils. Until some plan of this kind 
be adopted, such ia tho irregularity with which furnaces are 
charged, and such the variable quantity of gaa generated and 
air supplied, that we must not expect to see ehinmeya entire- 
ly free from smoke : much of this smoke, however, may be 
attributed to the steam generated by combustion, as it must 
not be forgotten, that one half the atmospheric oxygen 
employed in combustion is converted into steam, (see 
diagram No, 1,) which in high chinyiey shafts ia so reduced 
in temperature as to be visible on its exit. 

I may here remark, such is the great variety which 
prevails in tUe arrangements of boilers and the several 
kinds of furnaces as at present constructed ; so different 
are they in size, length, and description of Hues ; in propor- 
tions of fire-surface and flues ; force of draught ; and other 
circumstances, all of which have more or less influence, that 
some judgment is required in adapting the true chemical prin- 
ciples of combustion to practical operations on a large scale. 
Engineers, therefore, should not expect that they will obtain 
the desired object without a due consideration of these points. 
I here repeat, what I stated at the beginning of thia 
treatise, that, in suggesting these modes of effecting com- 
bustion of the gases, " I do not affect to say, that they are 
the best for accomplishing the desired purpose : what I do 
assert ia, that I have directed attention to the causes of the 
imperfect combustion which at present prevails in our fur- 
naces : to the true principles on which they may be im- 
proved : and to the part which chemistry has to act in 
reforming them." Difficulties will occasionally present 
themselves in bringing practice to harmonize n 
being, however, once set on the right road, the ingenuity 
and talent of tlie present day are fully adequate to supply 
what may be wanting. 
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Throughout this work my object has been to place the in- 
quiry on a right footing : to show that all that belongs to the 
combustion of fuel results from chemical considerations, and 
can only be explained and improved by means which are 
in strict conformity with chemical principles. Above all, 
I have been desirous of enabling those who are connected 
with the manufactures of this country and with steam navi- 
gation to judge for themselves, and thus take them out of 
the hands of ^^qu>act8'\ as Professor Brande justly designates 
those who, rejecting the aid of science, would discourage all 
improvement unless it square with those empirical and 
absurd dicta which we find laid down as " unerring rules''\ 
and dignified with the name of ^'practice,''''* 



RECAPITULATION. 

In conclusion, I would here briefly recapitulate the lead- 
ing points to which it is desirable that attention should 
be directed. 

First : The combustible constituents of coal are hydrogen 
and carbon ; the former being the chief ingredient in the 
formation of the gaseous portion, which is expelled on the 
application of heat ; the latter, of the solid portion, which 
remains on the bars after the gases have been separated, 
forming the cinder or coke. 

* " It unfortunately so happens, that, when scientific men urge new views, or 
suggest the practical adoption of rational theories, they are neglected, because it 
is presumed they are merely founded on unsubstantial hypotheses ; and, on the 
other hand, when practical men attempt to found improvement on scientific prin- 
ciples, they are sneered at as dabblers in science ; and so both become disheart- 
ened and disgusted, and the only people who are temporarily successful are quacks , 
who. pretending to what is called originality, and neither referring to practice nor 
science, steal from both ; but, deficient in all knowledge of their own, ultimately 
mislead their followers ; and, like the alchemists of old, not unfirequently deceive 
themselves." 




Secondly : On a charge of coals being thrown on a furnace, 
the hydrogen, and a portion of the carbon, are separated in 
the form of a gas (carburetted hydrogen.) Thia g 
ing from the furnace over the bridge the instant it is pro- 
duced, cannot be retained by reason of its gaseous o 
character; and of the di'aught, or onward current; and 
hence the groat practical dif&culty of effecting its combustion. 

Thirdly : We have to consider the conditions of the 
combustion of these two distinct bodies, namely, the gaseous 
and the solid: the one requiring to be consumed during its 
flight from the furnace, in the flues v the other, in a solid 
state on the bars. 

Fourthly ; This double act of combustion, or, rather, the 
combustion of these two different bodies, involves two dis- 
tinct chemical processes, and, consequently, the providing of 
two distinct auppUes of air, to be brought into action in two 
distinct places. This is the first and great practical essen- 
tial in our endeavour ao to consume the coal that all its 
combustible constituents shall be converted to the purposes 
of heat. 

Fifthly : The separate quantities of air required for these 
two processes must be regulated on strict chemical prin- 
ciples. If leas air be supplied to the gas than its proper 
equivalent, a proportionate quantity of the latter must escape 
uncombined, nnconsuraed, and useless. If more than that 
equivalent, the excess is injurious from its cooling influence, 
and the body of heat which such excess necessarily absorbs 
and carries away. 

Sixthly : This proper quantity or " equivalent" of air 
being supplied to the gases, the next point for consideration 
is their diffusion, that is, the effecting their atomic mixture. 
This is the most difficult, as it is the most essential, and, 
hitherto, most neglected, part of the operation, and as it 
involves the considerations of time, place, and temperature; 
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seeing that the chemical action and union, which we call 
combustion, will not take place unless at a certain high 
temperature. 

Seventhly : In effecting practical diffusion in the furnace, 
the greatest amount of mutual contact surface between the 
respective atoms to be mixed will be obtained by means of 
jets : on which, therefore, depends much of the rapidity and 
completeness of the process. 

Eighthly : We have thus to consider : 

1 . The generation of the gases, and the cooling operation of 

that process. 

2. The conditions of their combustion, as distinct from that 

of carbon on the bars. 

3. Obtaining the due quantity of air essential to the com- 

bustion of these gases. 

4. Keeping this supply of air apart from the air entering to 

the carbon on the bars. 

5. Introducing the air intended for the gases in the proper 

place and manner. 

6. Raising the temperature of the gases to that required for 

union and combustion. 

7. Effecting their diffusion before they are cooled below the 

temperature of chemical action. 
I conclude, in the words of Doctor Kane, who observes, 
that, ''as these suggestions indicate to the engineer and 
mechanist the principles on which alone the perfect combus- 
tion of fuel can be secured, they serve, also, as an additional 
proof, (were such wanted,) that complete success in art : 
the greatest economy in materials: and the most perfect 
utilization of its products, can only occur when the scientific 
conditimvs of the process are clearly understood, and made the 
foumdations of practiced 

END OF PART FIRST. 



APPENDIX I. 



REMARKS ON THE FOREGOING MODE OF 
EFFECTING THE COMBUSTION OF COAL 
IN FURNACES. 



The following Testimonials, from high chemical autho- 
rities, have been selected from a number of others to the 
same import, and are here given in the order in which 
they were received and read by the Author, in his Course 
of Lectures, at the Literary and Scientific Institution, 
Liverpool. 



REMARKS BY MR. BRANDE. 

Royal Mint, London, 26th November, 1840. 
Mr DEAR Sir, — I am convinced, that you are not only practically, 
but theoretically and scientifically, right in regard to the general views 
put forth in your Essay on the Combustion of Coal and the Prevention of 
Smoke. I have long advocated the principles which you have adopted, 
and have annually illustrated them in my lectures in the Royal Insti- 

w 
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tution ; but it unfortunately so happens, that, when scientific men urge 
new views, or suggest the practical adoption of rational theories, they 
are neglected, because it is presumed they are merely founded on un- 
substantial hypotheses ; and, on the other hand, when practical men at- 
tempt to found improvement on scientific principles, they are sneered at 
as dabblera in science ; and so, both become disheartened and disgusted, 
and the only people who are temporarily successful are quackty who, pre- 
tending to what is called originality, and, neither referring to practice or 
science, steal from both ; but, deficient in all knowledge of their own, 
ultimately mislead their followers ; and, like the alchemists of old, not 
unfrequently deceive themselves. 

Under these circumstances, it is really refreshing to find a person of 
your experience willing and able to blend practice with science and 
theory ; and I have no hesitation in saying, that the views promulgated 
in your Essay are substantially foimded upon just and scientific principles. 
When the unbumed hydrocarbons, which are produced during what 
is commonly called the eombtution, but which, in reality, is principally the 
dettruetvoe dittiUationy of coal, in our ordinary steam-boiler furnaces, gradu- 
ally mix with air, they assume the form of what is called uninflammable 
smoke ; but, if they be examined immediately after they leave the fuel and 
he/ore they have blended with excess of cold air in the chimney shaft, 
they are found to be highly inflammable and rich in carbon. At thii 
point it is that you judiciously admit the jets of air ; and in so doing, 
every jet which enters the inflammable atmosphere within the flues be- 
comes, as it were, the centre of combustion, and tends to increase the 
heat by burning and destroying that hydrocarbon which otherwise 
would go on to produce worse than useless smoke. 

When air is admitted in front of the furnace, or through, or over the 
fuel, it obviously never can efiect those useful purposes which are, at 
once, obtained by admitting it in due proportion to the intensely-heated 
inflammable vapours and gases ; or, in other words, to the products of 
the distillation of coal, at such temperature that they may take fire in 
its contact. In this way each jet of air which you admit becomes, as it 
were, the source or centre of a separate flame ; and the efiPect is exactly 
that of so many jets of inflammable or coal gas ignited in the air : only, 
in your furnace, you invert this ordinary state of things, and use a jet of 
air thrown into an atmosphere of inflammable gas ; thus making an 
experiment upon a large and practical, which I have often made on a 
small and theoretical, scale, in illustration of the inaccuracy of the com- 
mon terms of '^ combustible*^ and ^'supporter of combustion", as ordinarily 
applied. 




I fiU a bladder wiUi coal'gas, and ftttaiihto it a jet, by nhich I bum 
a flame of that gas in an atmosphere of, or a bell glass filled witb, oxy- 
gen : of course, the gas burns brilliantly, and we call the gaa 
buBtible, and the oxygen the supporter of combustion. If I now invert 
tbia common order of tjiings, and fiU the bladder with osygen, and the 
bell glais with coal-gaa, I find that the jet of oxygen may be inflamed 
in the atmosphere of nonl-jos with exactly the same general phenomena 
BM when the jet of coai-i;(0 is inflamed in the atmosphere oioxyyen. This is 
precisely yourproceas. You admit a number of jets of air into a heated, 
inflammable atmosphere, and so attain its combustion in such a way as 
to produce a great increase of heat i and, as a necessary consequence 
destroy the smoke. You, in fact, convert what is commouly called 
smoke into fuel, at the time vlien, and the place where, this combustion 
can be most effectively brought about. 

I have uow given you my candid opinion respecting your views of 
the phenomena of combustion aud their application to the object pro- 
posed in your E^ssay : there are soma of the minor points of which I 
cannot speak without further consideration ; but these do not, in any 
way, affect the main object of the inquiry in its practical bearings. 
I am always, my dear Sir, sincerely yours, 

WILLIAM THOMAS BEANDE. 
To Charles W. Williams, Esq., 

Dublin Steam Company, Liverpool. 



REMARKS BY DB. URE. 

London, 13, Caiarlotte-street, 28th Nov, 1840. 
Mv DEAH Sir, — I have been perusing your treatise " On theCombnft- 
tion of Coal and the Prevention of Smoke, Chemically and Practically 
considered," with extreme pleasure, and shall be al 
few days hence, to write yon more particularly my opinion as to the 
great merits of your invention for obtaining the maximum calorific 
effect of fuel, and that without the nuisance of smoke. Muanwhile, I 
shall only state, that I consider your theoretical views to be chemically 
correct, and their application to steam-boilers to be fraught with the 
moat signal advantages. 

I remain, my dear Sir, your very faithful Servant, 

ANDREW URE. 
To Charles W. Williams, Esci- 
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REMARKS BY DR. BRETT. 

Laboratory^ Royal Institution, Liverpool, Dec. 3, 1840. 

Mr DEAR Sir, — I have read your work on the Combustion of 
Coal, and have great pleasure in expressing my unqualified approval 
of the chemical views contained therein. I, moreover, entertain a 
strong belief, that the most important practical results will flow out 
of their adoption, and that they will produce a new era in economi- 
cal combustion. I shall take an early opportunity of sending you a 
more lengthened opinion as to the value of your discovery. In the 
mean time, allow me to subscribe myself yours, very respectfully, 

R. H. BRETT, Ph. D., F.L.8. 

To C. W. Williams, Esq. 



FURTHER REMARKS BY ANDREW URE, MJ)., F.R.S. 

Having now carefully perused your treatise "On the Combus- 
tion of Coals and the Prevention of Smoke, Chemically and Practi- 
cally considered," I cannot help congratulating you on the profound 
manner in which you have studied the phenomena of a furnace — pheno- 
mena which, like those of the freezing and boiling of water, had been 
for ages exhibited to the eyes of the philosopher and the engineer, 
without receiving from the one a scientific analysis, or leading the other 
to any radical improvement. You have fully demonstrated the defec- 
tiveness and fallacy of the ideas generally entertained concerning the 
operation of fuel in furnaces, and the errors, consequently, committed 
in their construction. Nothing places in a clearer light the heedless- 
ness of mankind to the most instructive lessons than their neglecting 
to perceive the difficulty of duly intermingling air with inflammable 
vapours, for the purpose of their combustion, as exhibited in the every- 
day occurrence of the flame of a tallow candle, or common oil lamp ; 
for, though this flame be in contact, externally, with a current of air 
created by itself, yet a large portion of the tallow and oil passes off 
unconsumed, with a great loss of the light and heat which they are 
capable of producing. Your quotations and remarks upon this subject 
must convince every unprejudiced mind of the justness of your views as to 
the imperfect combustion of the inflammable gases given out by coals on 
the furnace grate. 

By experiments with Dr. Wollaston*s Differential Barometer, made 
in several factories, where both high and low pressure steam was 



employed, I found that the aerial prodncts of combiutioii from tlie boilar 
furnaces flew off with a velocity of fully 36 feet pei- second ;■■ a rate oo 
rapid as to preclnde the possibility of tlie hydtogeuated gases from the 
ignited coals becoming so duly blended with the atmospheric osygen aa 
to be buruod. It is well known, that elaatic fluids of different densities, 
such as air and carburettcd hydrogen, intermingle nerj Ao^dg ; but, 
when the air becomes considerably oarbonated, as it does in paasiug 
through the grate, and, consequently, heavier, it will not incorporate at 
all with the lighter combustible gases above it, in the short interval of 
the aerial transit through the furnace and fliies. Thus there cau be no 
more combustion amidst these gases and vapours than in the axis of a 
tallow candle flame. 

Your atomic represenSations are quite correct, and will please ftU 
those who delight in tracing the workings of nature into her formerly 
mysterious and inaccessible sanctuary. 

You will remember, that when, about ten months ago, you laid before 
me the first draught of the apecification of your patent furnace, with 
wliat delight I hailed your inventijii as the harbinger of a brighter day 
for steam navigation, where economy of fuel has become tho siue qvi non 
in regard to long voyages. I rejoice that, with the ample means placed at 
your command, you have since prosecuted the subject, through all its 
ambiguities, to a clear aud conclusive demonstration of the efficacy of 
your plan for calling forth from pit-coal all its dormant fire, and diffus- 
ing it most efficaciously over the surfaces of boilers and along the flues. 
I am more particularly pleased with your analysis of the combuation of 
the gases and vapours given out by hydrogenous coal, commonly, though 
incorrectly, called bituminous, for it contuns no ready-formed bitnxoeu, 
but merely its elements, carbon, hydrogen, and oxygen. 

Having been much engaged during the two preceding years in experi- 
mental researches upon the calorific powers of different species of fuel,t 
1 became aware, that the hydrogenous constituents of coal nnderwent 
a most imperfect combustion, and found I had bee 

to the fiilse conclusion, tliat the caking Newcastle coals afforded less heat 
than the non -hydrogenous anthracite of Wales. When I improved my 
method of burning the gaseous products flrst disengaged from coals, I 

* EiperlmeDCal Inqalrr into the Modes of Wuming nnd VentlUting Ap&rt- 
nienb. la rernreneo ti> tke Health of their Inmates. 
K«ad before tbe Rojsl t^ociet;, 10th June, IBM. 
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obtained a greater quantity of heat from the so-called bituminons 
species ; a result quite in accordance with long established chemical 
data. The immortal Lavoisier and L^lace ascertained, that one 
pound of hydrogen, when burned in ihelr celebrated calorimeter, melted 
295'61bs. of ice, while one pound of charcoal melted only 96*5lbs. ; 
quantities very nearly in the ratio of 3 to 1 ; Despretz gives the same 
of charcoaL It deserves to be remarked, that this ratio is exactly the 
inverse of that in which hydrogen and carbon unite with oxygen ; for I 
part of hydrogen, by weight, combines with 8 of oxygen to form water ; 
and 3 parts of carbon combine with 8 of oxygen to form carbonic acid 
gas, which is the product of the complete combustion of charcoal. From 
these and similar researches, chemists have been led to conclude, that 
the heat afforded by different bodies in the act of their combustion is in 
the ratio of 315 to 104 ; thus proving beyond a doubt, that hydrogen can 
disengage, in its combustion, three times more heat than the same weight 
proportional to the quantity of oxygen which they consume ; a conclu- 
sion which accords, also, with the principle, that the intensity of heat is 
proportional to the intensity of chemical action, as measured by the 
proportion of oxygen which enters into combination. 

For the first accurate analysis of pit-coals, we are indebted to Mr. 
Thomas Richardson, of Newcastle,* who published, a few years ago, in 
the eleventh volume of Erdmann's Journal fur Chemie, the results of 
an excellent series of researches on coals, made in Professor liebig's 
laboratory. He used the fused chromate of lead to oxygenate the carbon 
and hydrogen of the coals, with liebig's new apparatus ; and his results 
deserve entire confidence. In the earlier analyses of coals, made by Dr. 
Thomson, myself, and others, the peroxide of copper, which was em- 
ployed to oxygenate the combustible matter, always left some of the 
carbon unconsumed, and thus occasioned unavoidable errors. 

I. Rich caking coal, from Graresfield, near Newcastle, of sp. grav. 
1*280, was found to contain as follows : 

Carbon 87*962 

Hydrogen 6*239 

Azote and oxygen 6*416 

Ashes 1*393 

100* 

* An account of these experiments has been since presented, by Mr. Richardson, 
to the Natural History Society of Newcastle-upon-Tyne, and is printed in their 
Transactions, vol. ii., p. 401, and in the London and Edinburgh Philos. Magazine, 
▼ol. xiii., p. 121, for Auipist, 1838. 



2. Caking coal, of excellent qnalitj, from South Hetton, 
county of Durham, of Bp.gnvv, 1'274, afforded. 

Carbon 83'274 

Hydrogen 6-171 

Azote and oxygen 9*036 

Ashes 2-S19 

100- 

3. The parrot coal of Edinburgh afiorded. 

Carbon e7'B97 

Hydrogen 5'40S 

Azote and oxygen 12-432 

Aahes 14-666 




100- 

100 parts of these saveral kinda of coal take for perfect combustion 
(subtracting the oxygen cont^ned in the coal) oa follows : 

Ist, 2GG-7 parts of oxygen : giving ont heat as the number 122-56 
2d. 250-2 „ n B lU-98 



. 217'6 



lO-OO 



The quantity of heat is here presumed to be proportional to the 
quantity of oxygen consumed. M. Begnault published, in Erduiann's 
Joumnl, vol. xiii., p. 69, the following Btatement of his analysis of coals, 
which is regarded by Professor Liiwig an very correct :* 

Newcastle coal, of sp. grav. l'2iI0, affording a much inflated coke, 
(quite akin to tbe Garesfleld coal, if not the same,) was found to conaist 
of carbon, S7-05 ; liydrogcn, 5-21 ; azote and oxygeo, 5-41. 

A Lancashire coal, of sp. grav. 13 17, which afforded an inflated coke, 
was found composed of carbon, 83-75 ; hydrogen, 6-66 ; azote and oxy- 
gen, 8-04. Tbe quantity of azote is not. given separately by either Mr. 
Richardson or M. Regnault ; but it is known to be inconsiderable. 
The deficit to 100 iu his analyaoa represents the amount of asliea per 
cent. Mr. R. says : "With the present means of analysis at our dis- 
posal, it is impossible to determine the true amount," {of azote,) "but 
the coal cannot contain more than two per cent." In the Edinburgh 
coal he found, by an experiment made on purpose to determine this 
point, 0-38 per cent, of azote. This uncertainty introduces a propor- 
tional ambiguity into the calculation of the quantity of beat evolved, 
from the quantity of atmospherical oxygen consumed. The less the 
proportion of azote, in the above analysis, the greater will be that of the 
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oxygen directly combiDed with the coals, and the less atmospherical 
oxygen, of course, will be consumed, which is the only source of the heat 
disengaged. 

Since it is the proportion of hydrogen in coal that determines the pro- 
portion of volatile products, a tolerable approximation upon this point is 
aflFbrded bytheproportional loss of weight which different coals suffer from 
ignition in retorts or covered crucibles. I found that 100 parts of the Fell- 
ing-main coal used by some of the London Gras Companies, when strongly 
ignited in a covered crucible, well-luted, lost 37'5 per cent., leaving 62*5 
of a porous coke. The Llangennock coals from Caermarthenshiie, of 
sp. grav. 1*337^ lose by ignition only 15*5, and leave 84*5 of a rather 
dense coke, which contains 3 of ashes. In furnaces of the common 
construction about London, this coal affords much heat with little smoke, 
and is, therefore, greatly in request, and fetches a high price. 100 parts 
of the Tanfield Moor coal, of sp. grav. 1*269, preferred by blacksmiths 
for their forge, on account of its calorific strength and freedom from 
sulphur, give off in ignition 32*5 parts, and leave 67*5 of a bulky, 
compact coke. 

Every coal which contains much hydrogen, and, therefore, loses 
much weight by ignition in retorts, necessarily produces much smoke, 
with a great waste of heat in our common steam-boiler furnaces, for 
reasons which you have so well developed in your treatise. " When a 
carburetted hydrogen," says Liebig, ^is kindled, and just as much 
oxygen admitted to it as will consume its hydrogen, the carbon does not 
bum at all, but is deposited (or separated) in the form of soot ; if the 
quantity of oxygen is not sufficient to bum even all the hydrogen, 
carburets of hydrogen are produced poorer in hydrogen than the 
original carburetted hydrogen."* The above gas and smithy coals 
which, from their richness in hydrogen, are capable of affording the 
greatest proportion of heat by thorough combustion, afford often a much 
smaller quantity than the Llangennock, because the carburetted hydrogen 
which they so abundantly evolve is not supplied with a due quantity of 
oxygen, and hence much of their carbon goes off in smoke, and their sub- 
carburetted hydrogen gas in an invisible form. These results are quite 
accordant with my experiments on these coals with my calorimeter. At 
first, from certain defects in the apparatus, whereby the coals were 
imperfectly burned and a good deal of smoke was disengaged, I found 
that the best coals imported into London, such as Lambton's Wallsend, 
Hetton Do. and Pole's Main, afforded a smaller proportion of heat than 

* Traite de Chimie Organique, Introduction, p. 32. 




tlia LUngeanock, or even anthracite; bat, when I di 
defects, I obtained much more heat from the Tanfiuld Moor coal than 
. from the Llangennock, and more from this than from the antliracite. 
In fact, a coal which, like the Newcastle caking coal, eoBtoios 6-23!» of 
hydrogen, is capable of giving out in complete combuation us much heat 
aa if it contained an extra IO4 per cent, of carbon ; but, instead of this 
additional heat, it affords in commoa furnaces much less heat than tbe 
LlaDgennock, though this is much poorer in the most calorific consti- 
tuent, viz^ the hydrogen. 

It is a remarkable fact, that an inflammable constituent of pit-coal, 
which is alwaj^ present, and often invisibly combined with it to tbe 
amount of 5 per cent, or more, has never been noticed in any of the 
ultimate analyses hitherto published. I have csamiued a great variety 
of coats from different parts of the world, and I have aeldom fonnd leiw 
than 2 per cent, of sulphur in them. Now, this is a circnmstauce of 
great consequence to many manufacturers, and moat essentially to iron- 
masters. Some of my results upon this subject were published in the 
number of the Athenaum above q^uoted. Sulphur in its calorific power 
ranks low, being, according to Dr. Dalton, one-half of carbon. If we 
asanmo its consumption of oxygen in combuation aa the measure of ita 
heating power, it will stand to carbon in the relation of 3 to 8 ; for 3 
parts of carbon consume 8 of oxygen to form carbonic acid, while 8 of 
sulphur conaume 8 of oxygen when they ore burned into sulphurous 
acid. The blacksmith knows well what havoc a sulphurous coal makes 
among his iron in the forge, rendering it entirely ro«en. The st 
ration takes place upon the rivets and plates of steam-boUera, when the 
sulphur of Che coala is merely volatilized, without being mingled with 
sufficient air to bum it. 

The first operation which coals undergo, on being heaved into a com- 
mon fumaco, is distillation, attended with a great absorption of beat, and 
may be compared to the distillation of sulphur in the process of refining 
it, for which purpose much external heat is req^uired. But, if the fumes 
of flulphnr or the coals be, after accenaion, intermingled with the due 
quantity of atmospherical oxygen, tbey will, on tbe contrary, generate 
internally, from the beginning, their respective calorific effects. 

At the outset of my chemical career, I suffered in a painfid and 
daiigeroua way from the refrigeration produced by throwing 
pit-coal into a hot furnace. I was estrocting oxygen, for common class 
experiments, from nitre ignited in a large iron bottle, when, having reple- 
nished the fire with cool, the gas became condensed in the bottle so much 
OS to occasion a regurgitation of water into it from the gasometer basin. 




which water, being instantly converted into high-pressnre steam, drove 
out a quantity of red-hot nitre upon my shoulder and arm, so as to bum 
not only my clothes, but a very considerable portion of my skin. In an 
experimental furnace, so treated, the heat is greatly damped as long as 
the hydrogenated vapours and gases are being generated ; and it becomes 
again effective only when the coals have become nearly charred. Were 
there a contrivance like your patent invention introduced into the furnace 
for diffiising atmospherical oxygen through the said vapours and gases, 
no vexatious refrigeration could ensue from feeding the fire, prudently, 
with common pit-coal ; and the external orifice through which this 
smoke-burning air was admitted might be closed whenever the fire be- 
came clear. 

In the case of great steam-boiler furnaces, for which your patent is 
especially intended, since these are fed at short intervals, your plan of 
distributing atmospheric air, in a regulated quantity, by numerous jets, 
through the body of the gasiform matter, is peculiarly happy, and must 
enable you to extract the whole heat which the combustible is capable 
of affording. The method also which you have contrived for distributing 
the air under the surface of the grate will ensure due combustion of the 
coked coals lying there, without admitting a refrigerating- blast to the 
fire. And, finally, your mode of supplying atmospherical oxygen will 
prevent the possibility of the carbon of the coals escaping in the state 
of carbonic oxide gas, whereby, at present, much heat is lost in our 
great furnaces. 

ANDREW URE. 

13, Charlotte-street, Bedford-square, London, 
December 26, 1840. 



FURTHER REMARKS BY DR. BRETT. 

Laboratory, Royal Institution, Liverpool, Jan. 6, 1841. 
I now take the opportunity of expressing more fully my opinion 
of your views concerning the combustion of coal and prevention of 
smoke, and it gives me the greater satisfaction so to do, in conse- 
quence of having enjoyed, on more than one occasion, an opportunity 
of examining, in your experimental furnace, when in operation, the 
different stages of coal combustion. Your furnace being so constructed 
that it allows of a close inspection of the changes which take place 
within the flue behind the bridge, no person, however imperfectly 
acquainted with those scientific principles upon which combustion ought 




to be effected, can avoid recognumg the great dilferenoe (n different 
sufficieatl? palpable to the Bight) which exists between combustiou, aa 
conducted in fumaeSB upon the old plan, and that which lakes place 
ill yours, when tho inflammable matters receive good air properly supplied. 
The importance of thLa supply of good, instead of vitiated, air, at a pro- 
per tuiu and place, and the no less importantinflnence which a thorough 
commingliHg of the substances to be burnt and the substance baming 
exerts in facilitating full and complete chemical union, has been 
Batisfactorily shown in your treatise ; and the injurious effects from 
a neglect of these precautions no leas clearly demonstrated ; and 
this appears to be qnite manifest, if we look to the natore of the ele- 
mentary substances which enter into the composition of all ordinary 
pit-cool. 

These elements, exclnsive of earthy, saline, or metallic compounds, 
are, carbon, hydrogen, oxygen, mtrogen, and, not unfrequently, sulphur. 
Tho carbon, hydrogen, and sulphur may be regarded as the combustible 
elements, but they differ materially as regards the amount of heat 
which they respectively evolve, when biimt, in eqnal weights, with 
oxygen ; tlie lirst place belonging to hydrogen and the last to sulphur : 
huncu the great value of highly-hydrogcnated coal for certain caloriffo 
purposes. 

If coal be submitted to heat in large vessels, as in the coal- 
gaa rotorts, combustion does not take place, but the elements pre- 
existing in the coal undergo now arrangements, giving birth to 
volatile substonces, which pass off, leaving behind a solid carbona- 
ceous matter, or coke. These gaseous or volatile snbstances are 
sufficiently numerous, conaisting of light and heavy hydro-carbona, 
naptlialine, sulphuretted hydrogen, carbonic 03cide, ammonia, cyanogen, 
free hydrogen, and sulphuret of carbon ; all these compounds being pro- 
duced from the five already-mentioned elementary bodies. A portion of 
tho heavy liydro-carbon, or oleffant gas, suffers decomposition at the 
high temperatures of the gas retorts, carbon heing deposited in no 
iaconsiderable quantities even upon the roof of these retorts, light 
carburetted hydrogen passing off as gas. 

This, then, appears to be the state of things which obtains when 
coal is submitted to destructive distillation without aerial t 
When, however, coal is submitted to the agency of heat, for special 
calurific purposes, leiih aerial contact, then actual combustion c 
cither partial or complete, according to tho mmntr in which a 
spherionir is supplied; the great object always being to prevent the 
fonnation, or, at all events, the permanent existence, of those com- 




pounds, especially the nitrogenous ones already enumerated ; instead 
of which, the only products ought to be carbonic acid and water, 
with some nitrogen, and, occasionally, a small quantity of sulphurous 
acid. The old mode of combustion in furnaces is manifestly incompe- 
tent to effect this perfect combustion, and only to be attained, in my 
opinion, by a plan based upon such principles as you have ad- 
vocated. 

Every one who observes the volumes of black smoke escap- 
ing from the chimneys of manufactories must be struck with the posi- 
tive loss of fuel thus sustained ; yet, not only is the black smoke lost 
for calorific effect, but a further loss may be traced to the passing off of 
what may be called a smoke, though not visible — I mean unbumt car- 
buretted hydrogen and carbonic oxide. You have been fully alive to 
the truth of this ; and, by a felicitous contrivance, have shown, that, 
by mingling atmospheric air with the inflammable gas, before they can 
escape unbumt, black smoke may be got rid of, or, in other words, 
that loss of fuel and consequent loss of heat may be avoided. 

On one occasion, whilst watching the process of combustion, 
during its different stages, in your experimental furnace, at that 
period when the hydro-carbons had just undergone combustion, 
and the carbonaceous matter, or coke, was remaining on the fire- 
bars, highly ignited, I observed, when looking into the flue, the phe- 
nomenon of a peach-coloured flame mingled with one of a striking 
blue colour. The former I believe to have been produced by the burn- 
ing of cyanogen : the latter was undoubtedly due to carbonic oxide. To 
the interesting fact of the combustion of the latter gas, after that of the 
hydro-carbons, you will remember to have directed my attention on a 
former occasion. I need hardly say, that, without a proper supply of 
atmospheric air, these gases would have escaped by the chimney, and so 
have been lost for calorific purposes. 

I will conclude these observations by a remark or two on a 
point much insisted upon in your treatise, as it appears to me 
of great importance, namely, the diffusion of the atmospheric air 
and inflammable gases as much as possible into each other, ptior 
to combustion. In doing this, you but follow out the rule which 
science and experience alike dictate, which is, to cause as intimate a 
mixture as possible of those substances between which you desire that 
chemical union should take place. Combustion is a phenomenon attend- 
ing chemical union, and the previous mechanical arrangement of the 
bodies to be united should be, and are, in your plan, carefully 
observed. 




B^ rauBing atmospheric air to be driven, by jett, amoDg the iuflammo- 
ble gases, you eniploy,afi it appears to me, the only means practicablp, in 
□pcrationa on a large scale, of causing a sufficient mechanical admi^iture 
between the air and the gases to be burnt. By such means, too, you 
considerably extend the surface of any given bulk of atmospheric air 

as the surface of any given voium 
is greatly increased by causing it to paas, in thin atreama, through a 
vessel cantajning numurousaportur 

The importance of a due supply of atmospheric air to coal-gas, 
and a proper admixture of the one among the other, prior to 
combustion, may be shown by taking a piece of wire gauze, 
placing it nearly in contact with the perforations of a common gas 
argand-burner, and then turning on the gas and inflaming it. After 
it has passed tho wire gauze, the flame will be found to be luminous and 
fuliginous, and a piece of platinum wire placed across it wil! be only 
heated to dull redness about tie external part of the flame ; hut il^ 
whilst things are in this condition, the wire gauze be raised so aa to 
leave a space of some few inches between the oriflccs of the burner and 
the undor surface of the gauze, the flame speedily loses its Inminaus 
properties to a great extent, is no longer fuliginous, and has so increased 
its calorific properties as to cause the platinum wire to be heated to 
bright redness. 

In the tirst experiment, imperfect combustion takes pliice, 
from an inadequate supply of atmospheric air and want of diffu- 
sion of the air and coal-gas among each other. Hence the luminosity 
of the flame, containing, aa it does, solid unburnt carbon, and hence, also, 
its less powerful heating properties and fuliginous character. In the 
lattercxperiment, the air becomes mingled with the coal-gas beforepasaing 
through tho wire gaaze ; and, when this mixture is inflamed oiane the 
gauze, perfect combustion takes place, no smoke is produced, and aRreat 
increase of heat obtained. 

On the whole, then, I would observe, that your treatise is correct 
as to its theoretical and scientific principles; and, by your illustra- 
tions on the large scale of the furnace, you liave demonstrated how 
science and practice may he made to harmonize, and have shown 
the importance of attending, strictly, to the ehfiaicat conditions on 
wbiob combustion takes place, without which all n 
uncertainty. 

R, U. BRETT, Ph. D., F.L.S. 

To C. W. Williams, E»q. 




XIV 
REMARKS BY DR. ROBERT KANE. 

Royal Dublin Society, January 16th, 1841. 

Dear Sir, — I received the copy of your work and the other papers 
illustrative of your views of the nature of combustion and of the con- 
struction of furnaces, and I consider your suggestions as being of peculiar 
value, inasmuch as they indicate to the engineer and mechanist the 
principles on which alone the perfect combustion of fuel can be 
secured. They serve also as an additional proof, were such wanted, 
that complete success in art — the greatest economy in materials — and the 
most perfect utilization of its products can only occur when the scientifio 
conditions of the process are clearly understood and made the foundatione 
of practice. 

In your furnace alone, of all the plans I have had an opportunity of 
examining, the conditions for the complete combustion of aU the consti- 
ents of the fuel are secured in the proper circumstances of qtutntityytime, 
and place. 

The introduction of air at the bridge and along the flame-bed, to 
supply the quantity of oxygen necessary for the combustion of the 
volatile products of the coal ; — the diffusion of this air, secured by its 
issuing from a great number of small jets, and the consequent full 
combustion of the gaseous fuel before it leaves the surface of contact 
with the boiler, are elements of real economy and success in practice. 
The value of this, although, perhaps, obscurely felt by others, from the 
imperfection of the older methods, has been certainly first placed in 
its important and just aspect by your illustrations. 

The formation of carbonic oxide in furnaces, to which I find, in your 
work, for the first time, the attention of practical men directed, has, 
hitherto, been a source of loss of fuel to a very considerable extent. 
When carbonic acid streams over a surface of ignited charcoal, or coke, 
it cannot be considered to evolve heat in taking up an additional 
equivalent of carbon. This is verified by the fact, that the carbonic 
oxide thus formed gives out, in burning, only the same quantity of heat 
which the second equivalent of carbon should have given out if it had 
formed carbonic acid directly. 

This heat you encourge, and hence, even at those periods when 
carbonic oxide is produced, you lose no fuel, whereas, in all the ordinary 
plans of avoiding visible smoke, the fuel is evolve in carbonic oxide, and 
is either silently escaping as invisible gas or burns at the orifice of the 
chimney, wasting there the carbon which should have been economized 
below. 
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I like the plan of your diagrams very much. In popular use, and, 
especially, for the instruction of those who have not made abstract 
calculations their study, they are exceedingly valuable : so much so 
that our illustrious and venerable friend, Br. Dalton, the Nestor of 
the physical sciences, as he has been termed by Bumas, proposed a 
plan not unlike yours, but which, from the very fact of its being more 
adapted to class illustrations than to the calculations by symbols, 
(now so necessary in scientific chemistry,) was kept very much out of 
view, lately, by the employment of the Berzelian notation. I am glad, 
therefore, that you propose colouring these diagrams in a second edition, 
for, when one writes, as you do, not merely for those who know a good 
deal, but for those who are not used to the kinds of ideas you wish to 
communicate, every adjunct which tends to awaken the senses to the 
subject is of the highest importance. 

In conclusion, I beg to express my conviction, that, by giving to the 
scientific world the true philosophy of combustion upon the large scale 
of the furnace, and indicating to the mechanist the conditions upon 
which the proper construction of furnaces must rest, you have illustrated, 
remarkably, the value of science applied to the useful arts, and have 
effected considerable service to the public. 

Believe me, my dear Sir, 

Sincerely yours, 

ROBERT KANE. 

To C. W. WUliams, Esq. 



APPENDIX II. 



While these pages were passing through the press, the 
Monthly Minutes of the Institution of Civil Engineers have 
been issued. At page 62 I find a copious abstract of a paper 
read to the Institution, " On the Properties and Chemical 
Constituents of Coal,'' by Charles Hood, F.E..A.S. 

I here insert this paper as it contains much interesting 
matter touching the subject of the preceding observations ; 
and as it corroborates, in many respects, what I have been 
urging. As, however, it contains several serious chemical 
errors on the subject of the combustion of the gases, I had 
prepared some observations in reply : but, having taken the 
opinion of a very competent authority, Dr. Robert Kane, of 
the Royal Dublin Society, I have given that Professor's 
opinion and observations in preference to my own. 

I cannot here avoid expressing my surprise, that Mr. 
Hood should have overlooked the chemical inconsistency of 
supposing, that the ignition and combustion of the hydro- 
carbon gases were, in any way, connected with the bringing 
them into contiguity with the " mass of incandescent fuel", 



or that this could lead to economy of fuel or the 
tion of smoke." Dr. Kane's observations are concli 
this head. 
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The author considers hia subject under three heads : — First, the 
chemical character and oompositian of coal ; secondlj, its propertieB as 
a, conibnstible ; and, thirdly, the nature and application of its various 
gaseous prodncta. 

Ist. The opinion, that coal is a campound of carbon and bitnmen, 
has been objected to by aome chemists, on the ground, that, by no pro- 
cess hitherto pursued in analysia, has it been possible to resolve it «n- 
tlri;^^ into these two substiincca. Even at alow (emperature, a quantitjr 
of gaaeoua matter ia thrown o£F; and, at an elevated degree of heat, an 
evident decomposition of the bitumen lakes place. Even anthracite 
containa a amall portion of volatile matter, ita component parts being 
carbon, oxygen, hydrogen, and nitrogen; the hydrogen being either com- 
bined with the oxygen, to form water, or with a small portion of carbon, 
to form carburetted hydrogen, which exists, in a gaseons state^in tbe 
pores of the coal. In bituminous coal, the hydrogen is combined with 
a larger proportion of oxygen and nitrogen, the mechanical difference 
being, that the bituminous and free-burning coals (more particularly) 
melt by heat when the bitumen reaches the bailing point, whereas an- 
thracite is not fusible, nor will it change its form, until it is exposed to 
a much higher degree of temperature. 

Two tables of the analyses of difiereut cools are given from the 
authorities of Musbet, Thomson, Vauuxem, Darnells, Ure, and Bej- 
nault. No. I showing the proportions of carbon, ashea, and volatile 
matter, with the specific gravity of the coal and of the coke ; and No. 
2 showing the proportions of carbon, hydrogen, axote, and oxygen. 
These tables show, that the largest quantity of carbon (92'87) is con- 
tained in the Kilkenny anthracite, and Che least quantity (04-72) in can- 
iiel coal ; and that the nature of the volatile matter greatly affects the 
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quantity of coke — the aggregate quantity of the gaseous products of 
coking, splint, and cherry coal being very nearly similar ; while th© 
quantity of coke obtained from these different species varies more than 
46 per cent. 

The author then points out the continual presence of azote, which 
quits the base with the greatest difficulty ; and also the affinity of sul- 
phur, not only for the coal, but for the coke, as it is rarely found to have 
been completely expelled even from the most perfectly made coke ; the 
only coal found to be even partially free from it being anthracite, in 
some species of which no traces of its presence are found. 

2dly. The application of coal as fuel depends on the chemical change 
which it undergoes in uniting by the agency of heat with some body 
for which it possesses a powerful affinity. In all ordinary cases this 
effect is produced by its union with oxygen. When coal is entirely 
consumed, the carbon is wholly converted into carbonic acid gas and 
carbonic oxide, and the hydrogen into water in a state of vapour. The 
atmosphere supplies the necessary oxygen for this purpose ; and in this 
state the products of the combination are nearly or quite invisible, both 
of them being almost colourless fluids : if, therefore, any smoke be 
visible, it is the result of imperfect combustion. Some calculations are 
given to ascertain the amount of loss that is sustained when the smoke 
escapes unconsumed ; from which it appears, that with bituminous 
coal about 37 or 38 per cent, more heat is produced when the smoke is 
consumed than when it escapes freely. . 

Many modes of consuming smoke have been attempted : those 
which appear to have been attended with the greatest success are, 
— 1st, Causing the smoke from the fresh coals to pass through or over 
that portion of the fuel which is more perfectly ignited ; 2dly, Supply- 
ing heated air to the top of the fuel, as well as admitting cold air through 
the ashpit in the usual manner ; and, 3dly, Throwing q, jet of steam into 
the fiimace or into the chinmey. The various modes of carrying into 
effect these plans are briefly alluded to : from them a few may be 
selected. Robertson's plan was to use inclined furnace bars, where the 
fresh coals were placed close to the fire-door, and, being there partially 
carbonized, gave out the gas which, in passing over the mass of incandes- 
cent fuel, was ignited, and became active flame, thus economizing fuel and 
preventing smoke. In this and similar cases, by the slow distillation 
of the coal, a gas is produced, which not only inflames at a lower tempera- 
ture than the dense okfiant gas produced by rapid distillation, but which 
only requires for its combustion a quantity of oxygen, never exceeding 
double its own volume, or ten times its bulk of atmospheric air, while 




olefiant gas requires three times its own volume of oTcygen, 01 
times ita bulk of almoaphcTicr air. The elimination of a gas 
burns with 10 fiaaU a poHhn a/ arggcn is, therefore, the p 
tha noD-productiou of smoke in furnaces of thia deicription. 

The second mode of coosiiniing smoke is founded on the ueceasity 
which exists for a large supply of air being requisite to inflame the gases 
given off from coal by a rapid and intense heat ; and this is ai 
plisbed bj introducing a quantity of heated air above tiio burning fuel. 
When a quantity of fuel b thrown into u furnace, the increased thick- 
ness of the mass opposes additional resistance to the passage of air 
through the bars ; the temperature of the furnace is lowered, and an 
iucrosaed volume of gas is, at the same time, given out. If, at this 
moment, a quantity of air, heated to the temperature of the gas, be 
admitted, the gas immediately inflames, and that which would have 
produced a dense black smoke passes off in the invisible state of 
carbonic acid gas and vapour of water. Different gases reqaire differ- 
ent degrees of heat to inflame them ; and thia explains the easy eosJiaa- 
tibUiln of the volatile products of coal when the heat is so managed as to 
produce those gasea which inflame at the loaeet temperature. A larger 
quantity of air is required at tho time that the coal is first thrown on 
than at a subsequent perio<I j therefore, when economy is studied, the 
supply of air should be gradually diminished as the mass approaches 
an incandescent state. Tho use of heated air has produced most impor- 
tant results in the manufacture of iron with bituminous coal, and also 
with nntbrucite ; the latter fuel having been almost neglected until tha 
recent application of this principle of employing heated air to promote 
its combustion, although it is known to be capable of producing, perhaps, 
a more intense heat than any other carbonaceous fuel. 

The rationale of the third plan of consuming smoke, by injecting a 
jot of steam into the fire or the chimney, is less obvious than the others. 
In 1B05 Mr, Da vies Gilbert obseri-ed, that whenever the waste steam 
of one of Mr. Trevithick's engines was permitted to escape into tha 
chimney, tho smoke from the coal was rendered inruiUc. Subsequent 
e.tperiments confirmed this fact ; and it was supposed, that the steam, 
being decomposed, furnished oxygen to support combustion. The 
author combats this opinion, and accounts for the effect by the increoaed 
draught of the furnace caused by the jet of steam into the chimney, by 
whieh means a larger portion of air is brought into contact with the 
burning fuel ; thus supplying tho previous deficiency of oxygen to the 
fire, and promoting the combustion. As steam is only about half the 
weight of air at alike temperature, and the power of all gaseous fluids 



to Qsceud ia " iiTrnrli/ as the square rootB of their spei-ific gravities", 
the velocity of its escape by the chinmey, compared with common ttir 
of the same temperature, is about as 1*4 to I ; therefore, the munpoHnd 
BiixtUTe of itiam, air, and carbotiic acid jfu inU tseape vriA a coiaiderably 
increaifd rthciti/, and more air mual, fonsequently, enter the furnacs. 
It appears, that about ten per cent, of the total quantity of steam 
generated is necessary to effect the combuBtion of the smoke by this 
meami ; therefore, unless the waste steam only be used, the saving of 
the fuel mnst be reduced by this amount. 

Brief mention is made of the experiments of Messrs. Apsley, Pellatt, 
Parkos, and the Chevalier de Fambonr, proving that a given quantity 
of oven coke will produce as much heat as the coal from which it was 
produced ; and of the various kinds of artificial faels which have been 
invented, especially that compoBed of fvjin and peat eofe, of which tha 
author remorks, that its combustion probably produces a mechanical 
effect, as the hydrogen is converted into water in a state of vapour, 
which escapes thronglt the chimney with a great velocity, and, conse- 
quently, a htrge quantity of air is drawn into tlie fornace, and a mors 
perfect combustion of the fuel is the result. In the same manner he 
accoonta for the necessity which eiists for having the openings between 
the bars wider in a furnace in which coke is burned than In one used 
fat f DOl. In Oppaaitiott to the g^eral opinion, he considers that less 
air is required for the consumption of coke than for coal ; the carbon 
only requiring SJ times its weight of oxygen for its combnetion, while 
the hydrogen contained in coal requires 8 times its weight of osygen : 
and the only reason that the openings between the bars are required 
to be wider in the former than in the latter case, ia in consequence 
of the draught being so much slower during the combustioa of coke. 

3d!y. " On the nature and application of the volatile products of 
coal." In treating tliia portion of the subject, many of the obserrSitionB 
on which have been necessarily anticipated in the preceding sections, 
the author traces the application of carburetted hydrogen gas to the 
purposes of artificial illumination from the yeiU' 1793, when its first 
successful application was made by Murdock, at Suho : he then pro- 
ceeds to Dr. Henry's investigations of the phenomena of its producdon 
and combustion ; the variation of the iufensity of light obtained from 
carburetted hydrogen, due to the proportion of carbon contained in it ; 
the differeoco in the gas obtmned from different qualities of coal ; the 
superiority of the illnminating power of the gas from cannel coal j and 
the still greater power of that produced from the decampoeition of oil, 
which is two to two and a-half times greater tlian that of coal-gas. He 




then nentioDa the othec producte of coal by diatillntion, such aa ammo- 
niacal liquor, carbonic acid and oxide, aulphnretted liydrogen, tar, esaen- 
tial oil, iiaptha, petroleum, asphattum, and otber gubstjuices. The paper 
concludes by pointing ont the advantages which would result from the 
production of such gaa aa is usually given out at the beginning of the 
distillation of cool, as it contains two volumes of gaseous carbon united 
with two volumes of hydrogen, and its illuminating powor 
quently, more tlian double that of ordinary coal-gas. 



DR. KANE'S OBSERVATIONS ON THE ABOVE. 



Laboratory of the Apothecaries' Hall, Dublin, 
Bept. 4, 1840. 
In reply to your inquiries respecting the detwla in Mr. Hood's paper, 
presented to the Institution of Civil lilngineers, I have to observe, that 
there are several inconsistencies in it, a few of which I will point out. 
First, the light carburetted hydrogen is not among the firit products of 
the distillation of coal ; but is formed, on the contrary, only when the 
volatile reein-oils and the olefiant gas (which are, In reality, the first 
products) are decomposed by sweeping over the ignited surface of coal, 
or metal of the retort, or its contents. 

When olefjant gas is paased through tubes heated to bright redness 
it depOBita half its carbon, and, without changing its Tolnme, is con- 
verted Into light carburetted hydrogen. If it be frequently passed 
backward and Forward throngh the tube, it deposits aU its carbon, and 
the residual gas (the volnme of which is douUed) is found to be pure 
hydrogen. 

The products of the distillation of coal may be arranged according 
o the temperature at which they may be produced, as followi 



1st. Lowest temperatu 



Solids, as napthaline, solid ri 
with high boiling points. 
s, Fluids which are very volatile. 
Olefiant gaa, 

Light carburetted hydrogen gM. 
Hydrogen gas. 

three atagee ta 



id fluids 



2d, or next temperatur 

3d stage, 

4th stage, 

bth, or highest temperatur 

in praetkf, however, the results of two or three atagee are always 
mixed together. 

2d. Light carburetted hydrogen b more diffidtiU to inflame than olefiant 
g[ia (Mr. Hood's paper statca llie ruveiso.) Davy boa fully proved this ; 



r and oleSantgHS 
^tion DD a misture 
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aud I have verified hia result, that a. mixtore of ai 
will explode at a temperature that will oot produce a 
of air and light carburetted hydrogen, 

3d. The heat produced by oloEant gaa, in burning, in greater than 
that prodnced by the combustion of the lame tolttnt of light carburetted 
bydrogen in the proportion of 27 to 18. The weights are then, haw- 
ever, as their specific gravities ; that is, as 9S ia to 60. If we plunge a 
piece of bright red charcoal, or a bright ™i iron rod, into a mixture of 
defiant gaa and air, it will explode ; but we may immerse the charcoal 
and iron, white hot, into a mixture of light carburetted hydrogen with- 
out any danger. The whole use of the safety lamp depends on this. 

4th. Mr. Hood is quite in error respecting the source of the ascen- 
tioual power of ga't and its law. It has nothing to do with the law of 
tranguU dijiision into space, with which he has confounded it. 

6th. He is alao wrong respecting the sonrce of the great heating 
powers of the resin fuel. The idea of an increased draught from the 
quantity of vapour fomted ia also quite incorreet. 

6tb. There is nothing gained by the production of a gas requiring 
less oxygen (as Mr, Hood supposes) than defiant gas does,for there would 
then be less heat produced. Thequantity of heat evolved in the burning 
of any body is proportional to the quantity of oxygen absorbed, ttlld it is 
hence the interest of the operator to usessmtuA orygen atpoiMle, instead 
of the reverse. With regard to the law of the quantity of heat evolved 
being proportioned to the qufljitity of oxygen consumed, the following 
extract, from the article "Combustion", in my "Elements of Chemistry", 
(now in the press,) will be sufficient to explain it. 

" The determination of the quantity of heat produced during the 
combustion of a given quantity of a combustible substance is a problem 
of great importance in the arts, as on it depends the economic value of 
all varieties of fuel. The plan generally followed has been to bum the 
Bubstanoe, by means of the smallest quantity of air which is sofficisnt, 
in a vessel surrounded, as far as possible, with water. 

" If it be found, that the burning a povad of «ood heats 37 pounds of 
water from 32" to 212°, no idea can be thereby formed of the quantity 
of heat evolved. But if, in another trial, it be found, that the burning 
of a pound ofduiTooai raises the temperature of 74 pounds of water through 
the same range, it follows, that the charcoai has double the calorificpower 
of the leood. True r(Jo(iK numbers can thus be obtained, although they 
have, independently, no positive signification. 

" The results obtained in this way, by various experimenters, have 
been exceedingly discordant ; but, by the the late researches of Despretz 
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and of Bull, a very interesting rule has been obtained. It is, that in all 
cases of combustion the quantity of heat evolved is proportional to the 
quantity of oxygen which enters into combination. 

** Thus Despretz found that there are heated from 32** to 21 2' by 
1 lb. of oxygen, uniting with hydrogen, 29^ fbs. of water. 
1 „ „ „ charcoal, 29 „ „ 

1 » „ „ alcohol, 28 „ „ 

1 „ „ „ ether, 281 » » 

giving, as a mean, 28} fbs. as the quantity of water heated from 32** to 
212*> by the heat evolved in the combination of one pound of oxygen. 
'* This rule, however, is liable to some very curious changes," &c. &c. 

ROBERT KANE. 
To C. W. Williams, Esq., LiverpooJ. 



APPENDIX III. 



EXTRACTS FBOM THE SPECIFICATION OF THE AUTHOR'S 
PATENT FURNACE, FOR EFFECTING THE COMBUSTION 
OF fX>AI£ ON TRUE CHEMICAL PRINCIPLES, AS RE- 
VISED BT DR. URE. 



' That the mboTe urangcnHnta fiv proiadiBg the graktert calorific 
effect mmj be betlo" anderatood, I add the foUawing obaerralioiu : 

' Hitherto, in the caastmcIitHi of fnmacea, doe mtloiticHi bM not 
been paid to the chemicil eooditioiu of the fwmatioii of xntakB, and the 
important &tiiic(i*m which exjsts between the relatae and the jCnrf 
constitiiaita of cial, — the caminutancea undo' which thej give oat 
heat, — and the pecnliaritiee <tf Iheii leepectiTe modea of combnstion. 

■ ^mAe ia the reanlt of the impafitt npnta^iea of the T<datil« 
product^ in omBeqaence of their bong mixed with eitha' too «niBll 
or too lai^ a pn^oriiOD of atmoqiheric air. Btho- t£ these otcdid- 
Blancea, that i*, too little air with a high " too ninch air with a low, 
tempaatnre^ cainea the eepnndiaD of the eaibcm from the faTdrogm, 
and the conseqiient change of the cwbon, from the niloviles state irf 
ga»eoas oomlnnatioii, into a black, palpable, and pnlr^^dent ftrm. 

" The carbnretted hy dro gm gaaea teqnire, as the coDditiim of tbeir 
combosdoD, fint, that the^ be iwtimattif Hnwfwf with hi aptntqniato 
Totmoe <tf afanoqihaic air (whicJi vaiajae Tariea with the nature of the 
comboitiUe gas) ; and, meomtlj, (hat, after baring been so mixed willi 
the vr. Uh matmt be itaUd to He Um p wm t u n of accnnoo, or be broagfat 
in e(«tact with flame. 
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** Again, as one cubic foot of carburetted hydrogen gas requires tieo 
cubic feet of oxygen, or ten cubic feet of atmospheric air ; while one 
cubic foot of bi-carburetted hydrogen, or olefiant gas, requires three cubic 
feet of oxygen, or fifteen of air, to effect complete combustion ; these 
proportional volumes of air must be supplied, and so intimately blended 
M to bring the particles of the combuttMe gases and atmospheric air within the 
sphere of their reciprocal and chemical attraction; for, otherwise, the 
inflammable gases will not be completely saturated with oxygen, that is, 
tnU not be consumed ; and, consequently, the full calorific effect of the 
body of gas generated from the coals will not be obtained. 

^ Now, ill ordinary furnaces, as generally constructed, the air cannot 
reach the body of gas that escapes from the fire-place into the flues, 
except by pcusing through the highly ignUed fuel laid upon the bars of the grate, 
whereby much of its oxygen gets saturated, inert, and incapable of con- 
suming or burning the residuary combustible gases and fuliginous 
vapours, to whatever intensity of heat the aeriform mixture be sub- 
jected. 

''The unignited gaseous mixture, in travelling through the flues, 
loses temperature very fast, and deposits the eliminated carbon in the 
form of sooty smoke : thus, not only much of the carbon, but a good 
deal of the hydrogen, with which it was previously combined, are lost to 
the furnace for the purposes of ignition ; while some of the hydrogen, 
uniting with the nitrogen, forms ammonia, a gas which, by its presence, 
is eminently obstructive of the high temperature of flame. 

** It will now be seen, that the construction of this furnace, and the 
principles on which it is based, are strictly in conformity with the 
complex and purely chemical processes going on in the furnace, sup- 
plying each process with the means necessary to its completion, and 

in their proper order, viz., 

** 1. The generation of the combustible gas from each charge of fresh 

fuel, by the radiant heat resulting from the preceding charges then in a 

state of incandescence. 

^ 2. The supplying such gas with the quantity of oxygen necessary 

to their most perfect chemical union and combustion, and in a manner 

more favourable to their instantaneous and complete intermixture. 
" 3. The effecting this incorporation of the gas and the atmospheric 

air, not only in the proper quantity but at the proper time, that is, 

before the mixture has passed into the flues beyond the influence of the 

high temperature essential to ignition. 

^ 4. The supplying this atmospheric air from a source independent 

of the currents in the ashpit, thus preventing its coming in contact 

z 
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with the incandescent carbonaceous fuel on the ban, which would, in 
such case, have deteriorated it bj saturating much of its oxygen. 

** 5. The separating the two distinct portions of air respectively 
required for the TclatUe and the Jixed portions of the coal, and effectually 
preventing any interference of the one with the other, which might 
have disturbed or injuriously affected the operation of either, 

^ Having described the nature of my invention, I do not claim the 
introduction of air to the bridge, which has already been done by others, 
but I specially claim, as my invention, 

^ 1. The use, construction, and application of the^>e]/ora^ air-distri- 
butors, by which the atmospheric air is more immediately and intimately 
blended with the combustible gases generated in the furnace. 

^ 2. The application of distinct pipes or tubes by which the air is 
conducted to the gases at the bridge and flame-bed, in tchatever situciHon 
they may be placed, where such pipes or tubes are the means of bringing 
such air to the gas independenUy of the air in the ashpit, 

^ 3. The use and application of separate perforated tubes, sittuxted in 
the ashpit, as the means of distributing uniformly and along the under- 
side of the bars the air which is intended to be applied to the ignited 
fuel on them." 
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